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ondition which has always been with mankind. 
titude towards overweight and obesity has 
eco-Roman times through the twentieth century 
a gradual shift away from acceptance, even 
the curvaceous nudes of Rubens's paintings,to 
sity, as seen in the predominance of the very 
s of most modern fashion models like "Twiggy" 
en being unable to work or enjoy life, the 
re predisposed to high bloodpressure, degene-
ease, diabetes and even sudden death. Without 
idence it was already known to William 
zing. Know the grave doth gape 
wider than for other men." 
eare, Henry IV, part II; Act V ,3c.V). 
in world history is still alive. The American 
hs 635 kg and needs 13 people to turn him in 
ill aiming at a weight of 95 kg (Guinness Book 
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credits Dr. Arnold J. Kremen and associates 
ction of surgery for obesity (Kremen ,1954). 
r were working on a research project under the 
о at the University of Minnesota, U.S.A. . 
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tine (Henriksson, 1952 and Krai, 1981). 
nd and Commons reported a series of 9 
had anastomosed 15 inches of jejunum to 
thus bypassing part of the Jejunum,the 
dens and half of the transverse colon, 
ed intestinal bypass procedure".In the 
tead of 15 inches of jejunum were 
estinal bypass to bring about loss of 
ated by a patient, who steadily lost 
ng massive small intestinal resection 
the remaining proximal jejunum to the 
ht was achieved, severe diarrhea and 
íes ensued. Six of their patients had 
reestablished after they had reached 
early all these patients regained their 
led of a pulmonary embolism after six 
ее patients the jejuno-colic shunt was converted to a 
leal shunt. 
first patient 15 inches of jejunum were anastomosed 
side to 10 inches of ileum, with good result: a weight 
pounds as compared to a preoperative weight of 268 
and a weight of 119 pounds after the jejuno-colic 
A satisfactory loss of weight was also seen in the 
patient where 15 inches of jejunum end-to-side to 20 
of functional ileum were left, resulting in values of 
3 and 118 pounds, respectively. 
third patient 18 inches of jejunum were anastomosed 
side to 42 inches of ileum. This procedure did not 
any loss of weight since the postoperative value was 
unds as compared to a starting weight of 256 pounds. 
jejuno-colic bypass weight had been reduced to 130 
ce the diarrhea and electrolyte complications, several 
s increased the length of the jejunum to 20 or 25 




















































































































































serious complications remained: severe electrolyte 
Payne et al.,1963; De Muth,1964; Shibata, 1967),liver 
( Bondar,l967; D r e m c k , 1970), and at least 17 deaths 
4 
(Maxwell,1968). 
Therefore, the elective jeJuno-colic anastomosis In morbidly 
obese patients was abandoned and attention switched to 
jejunoileal bypass. Anastomosis between varying lengths of 
jejunum and ileum was investigated, e.g. 38 cm of jejunum + 20 
cm of ileum, 35 cm of jejunum + 20 cm of ileum, 38 cm of 
jejunum + 15.5 cm of ileum, 38 cm of jejunum + 12,5 cm of 
ileum. In 1965 it was decided that 35 cm (14") of proximal 
jejunum anastomosed end-to-side to 10 cm (4") of distal ileum, 
was appropriate (Payne,1969). 
In 1971 the following three papers were published which des-
cribed end-to-end anastomoses between jejunum and ileum with 
the bypassed bowel anastomosed to the cecum, transverse colon, 
or sigmoid. This change was introduced because of unsatisfac-
tory results and the idea that a variable degree of reflux 
into the bypassed ileum following end-to-side anastomoses 
caused unpredictability of loss of weight. 
Buchwald and Varco (1971) were concerned with the combined 
problems of obesity and hyperlipidemia . 
Since the terminal ileum is the site of greatest absorption of 
bile salts and cholesterol,they introduced an anastomosis,end-
to-end, between 40 cm of jejunum and 4 cm of ileum. The bypas-
sed bowel was connected to the cecum. This became their stan-
dard procedure for all morbidly obese patients. 
Salmon (1971) compared in dogs jejuno-colic bypass anastomo-
sing 60 centimetres of the proximal jejunum end-to-side to the 
transverse colon, jejunoileal bypass anastomosing 20 centi-
metres of the proximal jejunum end-to-side to the distal 40 
centimetres of ileum, and jejunoileal bypass anastomosing 20 
the proximal jejunum end-to-end to the distal 




All dogs with jejuno-colic bypass died. Loss of weight 
initially occurred in the second and third group but after 
some time all dogs of group two regained their normal weight. 
However, the dogs in group three, with the end-to-end 
anastomosis showed a consistent and sustained loss of weight. 
As a result of these studies 120 morbidly obese patients were 
treated with an end-to-end jejunoileal bypass of 25 cm of 
jejunum to 51 cm of distal ileum. 
It has to be mentioned that Salmon measured the bowel length 
on the antimesenteric border,which means that the total length 
of functioning bowel in his patients is probably comparable to 
that used by Buchwald, Scott and Payne on the mesenteric 
border (Mason,1981). 
Scott et al.(1971) introduced their new technique as an end-
to-end anastomosis of 30 cm of jejunum to 30 cm of ileum, 
draining the bypassed intestine into the transverse colon or 
sigmoid. 
In 1973 Scott et al. compared 10 patients with a 30 
cm jejunoileal bypass with 21 patients having a 30 
cm jejunoileal end-to-end bypass. 
The first group showed good results as regards bowel 
satisfactory nutritional and metabolic adaptation with minimal 
side effects, but did not achieve return to ideal weight 
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ing achieved, but complications 
and side effects increased. 
end-to-side anastomoses in 36 
hs of the segments from 12 to 24 
he total length at 48 cm. Apart 
bsorption with 36 cm of ileum as 
here was no significant differen-
ns with respect to either loss of 
-side anastomosis of either 37 or 
f ileum. At 18 months the loss of 
respectively, so 3 cm less meant 
nificant correlation between loss 
is of 40 cm of jejunum to 4 cm of 
e of the bypassed bowel, end-to-
n et al. (1975) analyzed in 119 
of certain variables with the 
tistically significant predictive 
ation coefficient with the actual 
s the percentage of ideal body 
ght and the intraoperative total 
1975) compared end-to-side with end-to-
g 40 cm of jejunum and 15 cm of ileum, 





















































































de midway between the 
The final conclusion 
ht is too fast the 
too slow the benefit 
not influenced by the 
ions,however, inelu-
insufficiency (nine 
rred in the 13 of 68 
is. 
procedure (35 cm of 
of ileum) and Scott 
nd-to-end to 15 cm of 
um vented into the 
of one procedure over 
stretching the mesen-
y along a premeasured 
assed segment Payne 
the operation. They 
sharpen the angle of 
gurgitation (Payne et 
1.2 Conclusion 
A comparison between the procedures suggested by Payne and 
Scott (an end-to-side anastomosis between 35 cm of proximal 
jejunum and 10 cm of distal ileum versus an end-to-end anasto-
6 
mosia between 30 cm of jejunum and 15 cm of ileum ) reveals no 
decisive advantage in either of the two in their effects with 
respect to loss of weight and their complications. 
With the Payne technique one anastomosis less needs to be 
made. 
The total length of functioning small bowel appears critical 
in determining the weight-losing effect of the operation. 
Since the gastric procedures for morbid obesity, gastric 
bypass and gastroplasty, and bilio-pancreatic bypass are be-
yond the scope of this thesis, they have not been included in 
this survey. 
1 .3 Aim of our study 
The aim of the study was to find a suitable method and a 
suitable animal model to identify and possibly standardize the 
parameters which affect both rate and size of loss of weight 
and which cause some of the complications after jejunoileal 
bypass surgery. 
Ultimately we wanted to look for correlations between the 
various parameters to examine if, under any conditions, loss 
of weight after jejunoileal bypass can be predicted from the 
length of the functional small intestine. 
Since portacaval anastomosis is also known to cause loss of 
weight the effect of this shunt was evaluated and compared 
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ause of dissatisfaction with their previous 
1.1) . 
started our experiment early 1978, relatively 
in animals had been reported. 
ky (1966) using 14 dogs and 1 pig, compared an 
inai resection with jejunoileal anastomosis,an 
bypass,both end-to-end and end-to-side,and an 
bypass. 
68) compared end-to-end, side-to-side and end-
ses in 50% and 70} resections, both proximal 
he small intestine, with 50} and 702 bypasses 
ddle and distal small intestine in the rat. 
0) reported in mongrel dogs treated with end-
leal bypass that supplemental feeding by a 
a positive effect in prevention of hepatic 
using dogs of different breed, studied 3 types 
uno-colic, jejunoileal end-to-side (20 cm of 
m of ileum) and jejunoileal end-to-end, all 
res functional segments. 
), Baggio (1976) and Ottolenghi (1976) used 
rats fattened with insulin and performed a 















































































































































(1969,1972,1976,1980), Fenyö(1976), Siramons(1975) Sach-
979) Mc.Gouran (1978, 1979 ) , Rutter (1978) and Turna 
used Wistar (Sprague-Dawley) rats whereas Sclafani 
8 
(1978) used VMH rats, which were made obese by a ventro-
medial-hypothalamic lesion,and a small group of Zucker rats. 
Branch (1980) compared dogs with a Payne shunt and dogs with a 
jejunoileal bypass, the distal end of the bypassed segment 
being exteriorized as an ileal stoma. 
Pector et al.(1981) studied the effects of portacaval shunt in 
the genetically obese Zucker rat. 
2.2 Choice of experimental model 
From all animal models mentioned above the Zucker rat or "Fat 
rat" appeared to be the most appropriate (Zucker, 1961). 
Since jejunoileal bypass is developed as an ultimate treatment 
of morbid obesity in man, the animal should also be obese, if 
possible through overeating.lt should also be accessible for 
surgery, and available in sufficient numbers, both male and 
female, for statistical analysis without being too expensive 
in its procuring and support. 
The Zucker rat fulfils all these demands but is rather fragile 
considering the 20% anastomotic leak rate and the 30Í 
mortality rate, reported by Grosfeld (1976). 
However, anastomotic leaks being partly considered a technical 
failure the use of an operating microscope may Improve the 
results. 
2.3 The genetically obese Zucker rat 
Extensive reviews of the literature about the genetically 
obese Zucker rat, were given by Bray (1977) and de Waard 
(1978). 
2.3.1 Genetics 
In 1961, Zucker (L.M.) and Zucker (T.F.) discovered a sponta-
neous mutation in the 13 M rat strain of the brown rat (Rattus 
norvegicus), which was a crossbred from the Sherman and Merck 
strains . The obesity is inherited as an autosomal recessive 
mendelian trait: approximately 25% of the progeny of carriers 
of the gene for fatness (fa), either male or female, become 
obese after three weeks of age. 
The obese rats (fa/fa) differ from their lean littermates 
(Fa/fa; Fa/Fa) in that most males and most females are 
sterile. 
2.3.2 Food consumption and food efficiency 
The fatty rats develop an increased food consumption of 401-
50%, compared with their lean littermates (Zucker, 1962; 
Barry,1969; Bray, 1972; Becker, 1977; Grosfeld, 1977; Pector, 
1981). Also food efficiency in obese rats is higher than in 
lean littermates (Zucker, 1967). 
2.3.3 Growth and body weight 
Zucker(1961) and Powley (1976) give mean weight curves for 
fatty male and female rats and their lean littermates over a 
period up to 40 weeks and 18 weeks respectively. These curves 
differ only slightly. 
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content in the blood of the obese Zucker rat is 
Zucker, 1961,1962,1965,1972; Bach, 1977), in par-
h regard to the triglyceride concentration. Even 
m i g h t fast the rats were found to have triglyce-
rations of 1000 mg per 100 ml blood or even more 
; Barry,1969). Whereas lean littermates have 
concentrations of 80-90 mg per 100 ml blood, 
r rats have cholesterol levels up to about 250 mg 
blood . 
of very-low-density lipoproteins (VLDL) are seven 
h and those of low-density lipoproteins (LDL) and 
lipoproteins (HDL) are twice as high as in the 
η littermates (Schonfeld , 1974 ) . 
have a primary excessive liver protein synthesis 
ophy of the liver. In early life excessive serum 
e found and a slowly developing tendency, at a 
, to proteinuria and hypoalbuminemia due to 
glomerulonephrosis, was demonstrated by Zucker 
2.3.5 Endocrine aspects 
A further discussion of endocrine aspects of the Zucker rat is 
beyond the scope of this thesis. A good compilation is given 
by Bray (1977) and de Waard (1978). 
Zucker rats are hyperinsulinemic but normoglycemic, show re­
duced levels of glucagon, hypothyroidism and an impaired re­
productive function. Only Martin (1978) finds serum glucose 
elevated. 
2.3.6 Summary 
The Zucker (fatty) rat inherits obesity as an autosomal 
mendelian recessive trait. The rat is obese, hyperphagic, 
hyperinsulinemic but normoglycemic. The significant hypertri­
glyceridemia is due to the increased hepatic production of 
very-low-density lipoproteins. Hypercholesterolemia is mode­
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e piece of solder wire (¿2mm) and Supramid 
were used. 
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utures with the help of a microscope. The 
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the descending colon with interrupted 8-0 
ogic examination were taken from jejunum, 
Wedge biopsies were taken from the liver, 
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edle aspiration. 
intestinal sample on dry drawing-paper 
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formaldehyde, for histologic examination. 
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ring operation or the following night on 
с problems. 
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causing postoperative deaths, a hea-
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3 . 2 Study of Zucker rats 
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ation, including biopsies of jejunum, 
d liver, followed by end-to-end anasto-
jejunum and ileum, and by suturing of 
d jejunoileal end-to-end shunt, leaving 4 
es of jejunum and 2 centimetres of ileum; 
biopsies as in group I are taken. 
unoileal end-to-end shunt, 
f this 10Í of jejunum and 
of ileum. 
of the small intestine is 
ature this bypass is called a 90% jejuno-
ass since 90Í of the small intestine has 
ssed. We will stick to the term 10Ï by-
logous to the 4+2 cm jejunoileal bypass 
14-4 inch bypass as used by Payne and 
leaving two 
one third of 
excluded, In 
biopsies as in group I are taken. 
-side portacaval shunt,including the same 
as in group I. 
3.2.2 Age and sex of animals 
Since morbid obesity occurs in both men and women we used male 
and female Zucker rats to study the effects of the operative 
procedures on both sexes. 
Grosfeld (1976) only used male Zucker rats in his jejunoileal 
12 
bypass experiment, whereas Madura (1975) and Grosfeld (1977) 
did not mention the sex of their Zucker rats. 
Since it was impossible to breed sufficient Zucker rats of the 
same age and weight at operation, knowing that, on average, 
one out of four young rats would become obese, the types of 
operation were equally distributed over the rats, male as well 
as female. Operations were performed in the period of Septem­
ber - December 1978. Only for the portacaval shunt group, as 
operated upon at the end of the experimental period (December 
1978), the age differed from that of the other three groups 
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3.2.4 Blood sampling 
A few weeks before operation, approximately 7 weeks after 
operation and 16 weeks after operation blood samples were 
taken by orbit puncture with the help of a capillary glass 
tube. The rats were fasted overnight and were kept under light 
ether anesthesia during the procedure. 
Hemoglobin (Hb), serum bilirubin, serum glutamic pyruvic 
transaminase (G.P.T. or A.L.A.T. = Alanine Amino transferase), 
serum alkaline phosphatase, serum cholesterol and serum tri-
glycerides were measured. 
3.2.5 Weighing 
The rats were weighed immediately before operation, postopera-
tively every day for two weeks and then once a week, until 
sacrifice at sixteen weeks. 
3.2.6 Anesthesia 
We studied the effects of ether, Vetalar i.m. + Rompun s.c. + 
atropine i.m. , Hypnorm and Valium i.m. and Nembutal , intrape-
ritoneally ,in Zucker rats. 
All anestetics had to be administered in a high dose to be 
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effective and the rats showed a long postoperative period of 
recovery and in some cases died. Nembutal, administered 
intraperitoneally, proved suitable. After adding Megimide, an 
analeptic, postoperatively, the rats quickly awoke and morta-
lity dropped considerably. Micoren was not as effective as 
Megitnitle and therefore not used anymore. 
3.2.7 Measurement of body length 
In anesthesia the body length of the rats was measured from 
nose to anus. As a standard procedure the legs of the rat, in 
supine position, were fixed with adhesive tape to a heating 
mattress. 
After 16 weeks the same procedure was taken. 
3.2.8 Measurement of intestinal length 
The length of the duodenum (pylorus to ligament of Treitz) 
and the small intestine ( ligament of Treitz to cecum) was 
measured in all rats, with Supramid 1. Measurement was exe-
cuted twice at the mesenteric side, stretching the mesen-
terium as much as possible without tearing. 
The cecum was measured at the mesenteric and at the antime-
senteric side. 
After 16 weeks the lengths of the duodenum, the functional 
shunt and the cecum were measured in anesthesia. 
3.2.9 Histologic examination 
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anaerobic bacterial cultures were performed. 
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3.2.11 Gastro-intestinal transit time 
In some rats the gastro-intest inai transit time was studied by 
means of the quantitative recovery of a dye (oarminic acid) 
and of minute steel balls in the feces after intragastrical 
appiication . 
3.2.12 Analysis of mortality 
As liver failure is a serious complication of jejunoileal 
bypass mortality was given careful study. 
3.2.13 Various changes after jejunoileal bypass 
To study early changes in liver and intestine after bypass 
some rats were killed after one week and after two weeks. 
After 16 weeks other remarkable changes were recorded like 
macroscopical hypertrophy of the functional shunt, hypotrophy 
of the bypassed segment, condition of hair, occurrence of 
perianal ulceration and occurrence of incisional hernia. 
Results will be given throughout the various chapters. 







position , wer 
Body length 
ruler and ree 
date of oper 




once a day 
essentially a 
Supramid 1 ( 
B.Braun Mels 
the mesenter 
ment of Treit 




and the mean 
The length of 
antimesenteri 
were recorded 
At this point 
would follow 
This would de 
operations. 
part of procedures 
ght fast the Zucker rat was weighed. Nembutal 
1, Abbott), 6 mg/100 g was administered intra-
and after two to six minutes the rat was anesthe-
was shaven and the legs of the rat, in supine 
e fixed with adhesive tape to a heating mattress. 
from nose to anus was measured with a plastic 
orded together with date of birth, sex, weight, 
ation, time of beginning and end of operation, 
sthesia, preoperative blood parameters, type of 

































































































































it was decided which of the 3 types of operation 
: sham operation, Ц+2 cm shunt or 10Í shunt. 
pend on the number of surviving rats of previous 
15 
3.3.2 Sham operation 
Approximately 5 cm distal of the ligament of Treitz about 2 
cm of jejunum were excised and an end-to-end anastomosis was 
constructed with a single, inverting layer of interrupted No. 
8-0 monofilament Ethilon sutures, while using an operating 
microscope (Stereoscopic operating microscope, Zeiss OPMI I, 
Germany, magnification ranging from χ б to χ 40 with standard 
lenses) . 
This procedure was repeated for an ileum biopsy about 5 cm 
proximal of the cecum (see fig. 6.3). 
A wedge of liver of about 1 cm χ 0.5 cm was cut out of the 
most prominent liver lobe with a pair of scissors and this 












































































divided 4 cm distal of the ligament of 
along its mesenteric side. Approximately 2 
taken as biopsy of the proximal excluded 
mal excluded small bowel was closed with a 
ring suture. 
ed 2 cm proximal of the cecum, measured 
side. Approximately 2 cm of ileum of the 
was removed as a biopsy specimen. 
mosis was constructed between the proximal 
d the distal 2 cm of ileum with a single, 
interrupted No 8-0 monofilament Ethilon 
an operating microscope (see fig. 6.4). 
end of ileum was anastomosed end-to-side 
on with a single, inverting layer of No 8-
on sutures. 
en as in the sham operation. 
part as well as the total length of the 
before the closing of the abdomen. 
3.3.4 Operation of 10Ì shunt 
Two-thirds of 10Ï of the small intestinal length were measured 
along the mesenteric border of the proximal jejunum, starting 
from the ligament of Treitz, and the jejunum was divided. 
One third of 10} of the small intestinal length was measured 
along the mesenteric border of the distal ileum, starting from 
the cecum, and the ileum was divided. 
In the same way as in the 4 + 2 cm shunt the anastomoses were 
constructed after taking biopsies of jejunum, ileum and liver 
and the measured length of the bypass was recorded ( see fig. 
6.4). 
3.3.5 Operation of portacaval shunt 
After measuring and before taking biopsies as described for 
the sham operation, overlying retroperitoneal fat tissue was 
dissected from the inferior cavai vein for proper exposure at 
the level of and proximal of the right renal vein. An opera-
ting microscope was used. 
The portal vein and its nearest branch, the right gastric 
vein, were ligated and transsected as closely as possible to 
the liver. To prevent engorgement of the small intestine the 
mesenteric artery was temporarily occluded by a vessel clip. 
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The inferior cavai vein was partly occluded by a vessel clamp 
and the portal vein was completely occluded by a vessel clamp. 
After excising a small ellipse out of the inferior cavai vein 
an end-to-side anastomosis was performed between portal vein 
and inferior cavai vein with a running, everting No 8-0 mono-
filament Ethilon suture. 
After the removal of all vessel clamps and after the obtaining 
of the required biopsies the abdominal wall was closed. 
3.3.6 Common closing procedure 
Closing procedure was standard for all operations. 
The abdominal wall was sutured with Tevdek 2-0 (Tevdek, 
Deknatel , New York, U.S.A. ) with the help of a lock-stitch 
for peritoneum and rectus muscles and a horizontal mattress 
suture for the skin. 
Ten millilitres of warm normal saline (0,9% NaCl ) and Megi-
mide, 2 mg/100 g ( "Megimide" = B e m e g n d e B-ethy 1-B-methy 1-
glutarimide in normal saline 5 mg/ml, Nicholas Laboratories 
Ltd. , Bath Road, Slough, Bucks, England) were injected intra 
peritoneally. 
Overnight the rats were placed under a heating lamp because, 
even with a heating mattress, the rectal temperature was only 
33 degrees Centigrade postoperatively. 
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Chapter Ч 
PRE-; AND POSTOPERATIVE VALUES OF RELEVANT PARAMETERS ANC 
CHANGES OF WEIGHT INDUCED BY THE VARIOUS OPERATIONS 
4. 1 Introduction 
In this chapter the 4 groups of Zucker rats, each undergoing a 
different operation, will be compared with respect to sex, 
age, body length, length of small intestine, length of shunt 
(if constructed) and weight. Postoperative values will be 
given and a multiple regression model will be presented, 
incorporating the preoperative age, small intestinal length, 
weight, sex and the shunt percentage. This model should pre­
dict the loss of body weight 16 weeks after jejunoileal by­
pass . 
All statistical calculations have been performed under 
responsibility of the Department of Statistical Consultation 
(M.S.A.) of the University of Nijmegen. 
1.2 Number and sex of Zucker rats in the various experimental 
groups 
The total number of Zucker rats was 145, 
female rats, and 6 male lean littermates 
are to be divided into 
63 rats, killed 16 weeks postoperatively, 
experimental groups; 
10 rats, which were kept in a metabolic cage 
measure gastro-intestinal transit time; 
12 rats, 5 of which were killed 1 week and 
killed 2 weeks after construction of a jejunoileal 
to study its early effects ; 
54 rats, deceased or killed during operation or within 16 
weeks after operation. 
139 fatty male and 
The 139 fatty rats 
constituting the 
for some time to 
7 of which were 
bypass 
Thus, 63 rats were classified for being used in the experimen­
tal groups: 
Group I : sham operation, 10 rats, 4 male and 6 female 
Group II : 4 + 2 cm shunt, 20 rats, 10 male and 10 female 
Group III: 10Í shunt, 23 rats, 10 male and 13 female 
Group IV : portacaval shunt, 10 rats, 5 male and 5 female. 
It appears that both sexes are nearly equally present in the 
four operation groups. 
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Table Ц.1 shows the mean age of the 63 fatty rats on day of 
operation, both for each experimental group and for all rats 
taken together. 














4 + 2 cm 
10% 
p.CS 
all operations 63 122 + 20 
Table 4.1 Mean age and s.d. at operation (in d a y s ) of the 
experimental groups. 
T h e m e a n a g e s f o r t h e s h a m - , 4 + 2 cm- a n d 10£ g r o u p a r e n e a r l y 
e q u a l , b u t t h e mean a g e f o r t h e p . c . s h u n t g r o u p i s c l e a r l y 
h i g h e r . 
This difference is caused by the fact that ^he p.c.shunt 
operation was performed at the end of the operation period, 
while the sham-, 4+2 cm- and 10Í operations were performed 
alternately. 
The mean age of all rats taken together was 122 days. Looking 
at the weight plot of Zucker rats as given by Zucker in 
1961, we notice that this age means that the rats are adult 
and that the fat percentage of approximately 50% does not 
increase further, although the rats still gain weight (see 
2.3.3) . 
4.3.2 Time between operation and sacri fice 
It was a practical impossibility to sacrifice each rat exactly 
112 days after the operation. 
Therefore, the time between operation and sacrifice varies 
between 109 and 119 days. 
4.4 Bod^ length 
4.4.1 Body length at operation 
Table 4.2 shows the mean body length for the 63 fatty rats in 
the four operation groups. 
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4 + 2 cm 
10% 
p.c.s 
All operations 63 203 + 11 
Table 4.2 Mean body length and s.d. at operation ( in mm ) of 
the experimental groups. 
Male rats appear to be significantly longer than female rats 
(p < 0.001, Student's two sample test, results not shown). 
The rats in the p.o.s. group were longer than the rats in all 
other groups. This difference is probably caused by their 
somewhat more advanced age (1.3.1). 
4.t.2 Change of body length after 16 weeks 
The body length of the rats was measured again, 16 weeks 
postoperatively. The average change per group is given in 
table 4.3. Changes were essentially the same in male and 
female rats (see below). Therefore, groups have been compared 
as a whole. 
sham 














body length +20 + 6 -4 +_ 9 +5 +_ 6 +7 +_ 5 
p-value < 0.001 0.04 <0.001 0.002 
Table 4.3 Change of body length after 16 weeks (mean and s.d. 
in mm , p-value according to Student's paired test). 
In all groups there was a significant difference between 
length at operation and length 16 weeks later. 
Clearly, the sham rats have been gaining length 
considerably, while the 10Í and the p.c.s. rats only gained 
length slightly. The H+2 cm rats even diminished in size 
generall y. 
Classifying the rats according to sex and operation we also 
applied a two-way analysis of variance. No significant 
differences regarding sex were found. However, the hypothesis 
that averaged over both sexes the 4 operations give rise to 
the same change of length, has to be rejected (p < 0.001). A 
simultaneous multiple comparison method according to Scheffè 
reveals that this has mainly been caused by the fact that each 
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group differs significantly from one of the others (p < 0.002) 
excepting the 10Î shunt group compared to the p.c.s. group. 
M.4.3 Di scussion 
Grosfeld et al. (1976) constructed in 10 male , β week-old, 
(125 g) Zucker rats an end-to-end Jejunoileal bypass between 8 
cm of jejunum and 5 cm of ileum, leaving ΙΟϊ of the small 
intestine functional. Four months later calliper measurements 
of the thoracolumbar vertebral column were performed. 
Skeletal development was retarded significantly in bypassed 
rats as compared with controls: vertebral column of 125.9 + 
3.5 mm and 138.3 + 3.9 mm, respectively (p < 0.025), a differ­
ence of 12.4 mm. 
This figure of 12.4 mm growth retardation fits reasonably well 
with our results for,older, Zucker rats (table 4.3). We find a 
mean difference of 15 mm between sham group and 10Í group. 
4.4.4 Conclusion 
A 4+2 cm jejunoileal bypass has a significant shortening 
effect on body length in an adult, but still growing, rat if 
compared to a sham operated rat. 
Both the 10> jejunoileal bypass and the p.c.shunt have the 
same effect though to a lesser degree. 
4 . 5 Length of small intestine and duodenum 
4.5.. 1 Length of small intestine of fatty rats at operation 
The construction of the 10Ï shunt was dependent on the small 
intestinal length (see 3.3.4). Therefore, the length of the 
small intestine was measured twice at the mesenteric part of 
the intestine (see 3.1, 3.2.8 and 3.3.1). The mean value was 
taken to represent the actual intestinal length (table 4.4 and 
4.5). Measurements were performed immediately after celiotomy. 
first measurement : 913 +_ 113 
second measurement : 905 +_ 115 
1st and 2nd measurement : 909 + 113 
Table 4.4 Mean length and s.d. of small intestine at 
operation (m mm) m 139, male and female, fatty Zucker rats. 
maie rats (69) : 961 +_ 99 
female rats (70) : 857 + 103 
Table 4.5 Mean length and s.d. of small intestine at 
operation expressed in mm in 139 male and female fatty Zucker 
rats. 
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On the average small intestines in males were significantly 
longer than those in females (Student's two sample test, 
ρ < 0.001). 
4.5.2 Length of small intestine of lean littermates 
Also the small intestinal length of 4 male lean littermates 
with a mean age of 131 days ( s.d. = 3 days) was measured 
twice .' 
The average length was 89B mm (s.d. г 44 m m ) , each separate 
value again being derived from two consecutive measurements. 
This means that the small intestine in male fatty rats (table 
4.5) is significantly (p < 0.001, Student's two sample test) 
longer than the small intestine in their male lean littermates 
with a mean body length of 222 mm (s.d. = 5 m m ) . 
4.5.3 Length of duodenum 
The average length of the duodenum at operation was 61 mm for 
the 63 male and female fatty Zucker rats of the experimental 
groups. 
The average length of the duodenum 16 weeks postoperatively 
was 66 mm for these rats. 
This increase of length of duodenum after 16 weeks is not 
significantly different for the 4 operation groups according 
to a two-way analysis of variance, when the rats have been 
classified on a basis of sex and operation. 
4.5.4 Discussion 
The construction of a jeju 
theory that shortening of the 
cause loss of weight. 
A certain length of funct 
provide the desired loss of w 
and without mortality. When 
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results of the various auth 
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the fir 
et al., 1976). Salmon (1971) could 
tween either length of intestine and 
en percentage of intestine excluded 
ogs. 
Ц) measured small intestinal length 
rcinal operations. They used a mois-
they placed on the surface of the 
nteric and antimesenter ι с border. 
erformed twice, and sometimes three 
ments always gave lower values, on 
.7ί) of small intestinal length. 
e values similar to those obtained 
same phenomenon in our fatty rats, 
degree. On the average the second 
value which was 8 mm , or 1Ï , lower 
st measurement (separate results are 
ion for the second measurement being lower 
By handling the intestine during the first 
ctility in the intestinal wall increases. 
intestinal wall directly induces contracti-
h muscle and thus effects the release of 
ntestinal wall. Serotonin is known to in-
vity, which can result in contractions in 
(Bockus, 1964). 
small intestinal length to be significantly 
obese patients: mean length for obese men 
d in the control group 6.98 metres; cor-
or women were 7.34 and 6.16 metres, respec-
holds good for obese and lean Zucker rats : 961 + 99 
898 + 44 mm , a difference of 63 mm . 
ives interesting but speculative explanations for the 
on between overweight and a long small intestine: 
primary congenital long intestine or a secondary 
to an adaptive mechanism like overfeeding or endo-
pensation . 
4.5.5 Conclusion 
The mean length of the small intestine of male fatty rats, 
calculated as the average of two consecutive measurements 
along the mesenteric border, is significantly greater than 
that of female fatty rats. Also, male fatty rats have a signi-
ficantly longer small intestine than their lean littermates. 
4.6 Length of the constructed 4+2 cm and 10Ï jejunoileal 
bypass and changes in length of the bypass after 16 weeks 
4.6.1 Introduction 
Madura et al.(1975) and Grosfeld et al.(1976 and 1977 ) des-
cribe a 90J jejunoileal bypass in adolescent male fatty Zucker 
rats, weighing 125 grams and in fatty Zucker rats, weighing 
500 - 600 grams. 
A 90Î jejunoileal bypass was accomplished with an end-to-end 
anastomosis between the proximal θ cm of jejunum and the 
23 
distal 5 с 
tioned neit 
one should 
500 - 600 
cm. Younosz 
50 to 80 
different a 
diets.With 
of the smal 
formed post 
it from th 







5% (3.0 g) о 
At 125 g ( a 
a length of 
From this 
weight by 1 
vealed among 





cm of jejun 
(in fact 96» 
way of measu 




part was mea 

























7 6 ) , A 
jejunoil 
. The me 
an end-
urn and t 










um. Small intestinal length was no 
the exact way of measuring describ 
that for male rats of 125 g and r 
intestinal length is the same bei 
) shows that in young male albino 
weight and small intestinal leng 
5-week period if they are fed di 
diet body weight is 273 g and the 
ine is 115 cm. This measurement wa 
after flushing the intestine and st 
ery. It means that in the living r 
intestine would be shorter. 
trates a positive significant correla 
stinal length and body weight in Spra 
rats. Measurements were done after 
stripped. During adolescence the s 
pidly until it reaches 75% of its a 
arrives at a maximum percentage of ne 
dy weight (60 g) at the age of 20 days 
35 days) it is almost fully developed 
a weight of 5 g and 4 Í of the body we 
only lengthens 10-20 cm and increases 
onsiderable divergence, however, was 
ual animals, e.g. a rat weighing 300 g 
nal length ranging from 90 to 130 cm. 
rmellim (1976) and Ottolenghi (1 
eal bypass in Sprague-Dawley rats fatt 
an small intestinal length was 145 cm 
to-end anastomosis between the próxima 
he distal 2 cm of ileum approximately 
e small intestine was excluded. The e 
not described. 
iments two end-to-end jejun 
gths of functional small 
2 cm shunt and a 109 shunt. 
of the bypass the length of 
































4.6.2 Length of the bypass at operation 
Table 4.6 gives the length of the bypass for jejunal and ileal 
part, taken separately and together. 
4 + 2 cm 
(N = 20) 
10% shunt 
(N = 23) 
jejunum 
ileum 
jejunum + ileum 
42 + 2 
4.7Í 
21 + 3 
2.3* 
64 + 5 
7.0% + 0.7% 
5 8 + 7 
6.5% 
3 0 + 5 
3.3% 
88 + 10 
9.8% + 0.5Í 
Table 4.6 Mean length of functional intestine in mm (+ s.d.), 
The mean lengths of jejunum and ileum have also been expressed 
in percentage of the mean total small-intestinal length, while 
for the total bypass the mean percentage (+ s.d.) has been 
given . 
24 
It shows that a 4 + 2 cm jejunoileal bypass actually means a 
7Í jejunoileal bypass, so ЭЗІ of the small intestine is not 
functioning any more. 
M.6.3 Change in length of the bypass after 16 weeks 
According to a two-way analysis of variance, where the rats 
were classified on a basis of sex and type of operation, no 
significant influence of sex was found, neither with respect 
to the change of length of the jejunal part nor with respect 
to the change of length of the ileal part of the bypass. 
Therefore, the groups are presented as a whole, neglecting sex 
difference, in table 4.7 . 
Д jejunum 
ail e urn 
Ûjejunum + ileum 10+11 
4 + 2 cm 
(N = 20) 
6 + 9 
/4% 





(N = 23) 
9 + 14 
16% 
6 + β 
21% 
16 +_ 19 
18% 
Table 4.7 Change in length (A) of functional segment for 
jejunal and ileal part of the bypass and of the total functio­
nal bypass, 16 weeks after operation in mm (+_ s.d.) and ex­
pressed as percentage of the mean length of the part of the 
bypass at operation. 
Clearly, the length of the functional intestine increases 
after both types of operation. All changes are significant 
(p < 0.01, Student's paired test). 
The relative increase appears to be more pronounced in the 
ileal part of the functional bypass. Possibly, this segment 
adapts more strongly because it has to compensate for a 
greater loss of absorbing surface area. 
4.6.4 Change in length of the bypass in the 4+2 cm 
jejunoileal bypass group, 2 j. i. and 16 weeks postoperatively 
Among the rats with a 4 + 2 cm jejunoileal bypass, five were 
sacrificed after 1 week and six after 2 weeks. The change of 
length of the functional ileal and jejunal segments, and thus 
the change of length of the total functional small intestine, 
was compared with the data obtained from the rats killed after 
16 weeks (table 4.8 ) . 
Using a one-way analysis of variance we find that the 
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hypothesi3 of equal changes of the total bypass for the 3 
groups with a 4+2 cm jejunoileal bypass has to be rejected 
(p = 0.006). According to a multiple comparison method of 
Scheffé this is mainly caused by a significant difference 
between the 2-week group and the 16-week group (p = 0.01). 
Similar results are found with respect to the ileal part and 






(N = 5) 




0 + /0 
0% 
2 weeks 
(N = 6) 
-4^5 
104 
-1 + 4 
7% 
-6 + 6 
9% 
16 weeks 
(N = 20) 
6 + 9 
144 
4
 1 5 
20% 
10 + 11 
164 
Table 4.8 Change (A) in length of bypass for jejunum, ileum 
and jejunum+ileum in rats killed I, 2 and 16 weeks after 4+2 
cm jejunoileal bypass. Values are given in mm (+_ s.d.) and as 
percentage of the mean value immediately after completion of 
the bypass. 
Apparently, neither the total length of the bypass nor the 
separate segments of the bypass have changed clearly after 1 
week. After 2 weeks the total length of the bypass has de­
creased by 91 which is remarkable since after 16 weeks it has 
Increased by 16Í. In other words, after 2 weeks the total 
length of the bypass is 91Í of the operative value and after 
16 weeks 116%. Thus, between 2 weeks and 16 weeks postopera-
tively, the functional part of the small intestine increases 
by almost 30Í. This illustrates the great adaptive capacity of 
the small intestine. 
4.6.5 Summary 
The average length of the 4+2 cm jejunoileal bypass in the fat 
Zucker rat was 7.0 + 0.7Í of small intestinal length, the 
average length of the 10Î jejunoileal bypass was 9.8 + 0.5Í. 
The functional part of the small intestine, both in the 4+2 cm 
group and in the 10} group, was significantly enhanced 16 
weeks postoperatively (16Í and 18Í respectively). 
The relative increase was possibly slightly greater in the 
ileal part than in the jejunal part of the bypass. 
Examination of the 4+2 cm group indicates that this process 
only occurs from two weeks after operation. 
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t.7 Body weight 
4.7.1 Body weight of fatty and lean Zucker rats at operation 
The mean preoperative weight of the fatty Zucker rats in the 
experimental group (N = 63) was 354 grams, (s.d. = 61 grams). 
The mean preoperative weight of the male fatty Zucker rats 
(N = 29) in this group was 384 grams (s.d. = 49 grams) and the 
mean preoperative weight of the female fatty Zucker rats was 
328 grams (s.d. = 59 grams). 
The mean preoperative weight of the male lean Zucker rats 
(N = 6) was 292 grams (s.d. = 21 grams) at a mean age of 127 
days (s.d. = 7 days). 
4.7.2 Relative body weight changes following operation 
For two weeks after operation, weight of the rats was recorded 
daily and thereafter once a week until sacrifice after 16 
weeks. 
In order to compare the effects of the various operations 
results are expressed as the percentage change from preopera-
tive weight. Figure 4.1 depicts the average weight changes 
after the four types of operation. 
The sham rats gain weight in an almost linear way. The rats 
with a 4+2 cm shunt lose weight gradually over a period of 9 
weeks. Thereafter their weight remains stable. Rats with a 10Í 
shunt have lost about 9% of their preoperative weight after 
three weeks and then start to grow again. 
The weight of the rats with a portacaval shunt hardly changes 
during the period of investigation. 
4.7.3 Body weight changes after 16 weeks 
The average change of body weight 16 weeks postoperatively 
compared to preoperative weight in the various groups is 
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194 + 40 
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25 + 35 






Table 4.9 Mean weight changes (Δ) 16 weeks postoperatively m 
the four groups ( values m grams and percentage of preopera­
tive weight +_s.d.). P-values as results of Student's paired 
test for an examination of the difference between pre- and 
postoperative weight are given. 
Weight change at the end of the 16-week postoperative period 
was quite significant in each group, with exception of the 
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Fig. 4.1. Mean changes дп body weight after 4 types of 
operation. Results are expressed as mean percen­
tage gain or loss compared t o p r e o p e r a t i v e weight. 
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weight-saving operations should not be evaluated from the 
difference between preoperative and postoperative weight 
within each group, but rather from the difference with the 
weight of the rats in the sham group 16 weeks after their 
operation . 
This means that the actual loss of weight induced by the 4+2 
cm shunt was 278 g ( or 89ί of preoperative weight). 
Likewise, the 10% shunt resulted in a loss of weight of 169 g 
(or 60Ï) and the p.c. shunt in a loss of 166 g (or 60% of pre-
operative weight). 
To evaluate the difference of change of weight between the 
first and last measurement after the operation among the 4 
groups an analysis of covariance has been used followed by a 
simultaneous multiple comparison method according to Scheffè. 
In this analysis the change of weight has been adjusted for 
differences of body length, small intestinal length and age 
among the four groups by introducing them as covariables. 
It appears then that the 4+2 cm rats lose weight very 
significantly as compared to the sham rats (p < 0.001). Also 
the gain of weight of the 101 group and the p.c.s. group is 
significantly less than in the sham rats (p < 0.001) and 
significantly more than in the 4+2 cm group (p < 
0.001). However, the gain of weight in the 10% group is not 
significantly different from the p.c.s. group (p > 0.10). 
4 . 7 . 4 Pi s c u s s i o n 
T a b l e 4 . 1 0 shows t h a t t h e p r e o p e r a t i v e w e i g h t s of t h e 122-
d a y s - o l d a n i m a l s used in t h e p r e s e n t s t u d y a r e s i m i l a r t o 
t h o s e found by de Waard ( 1 9 7 8 ) b u t d i f f e r c o n s i d e r a b l y w i t h 
t h o s e r e p o r t e d by Zucker ( 1 9 6 1 ) and Powley ( 1 9 7 6 ) . 
Zucker Powley de Waard Greniers 
1961 1976 1978 1982 
fatty male 580 590 400 384 
fatty female 480 490 328 
lean male 390 380 280 292 
Table 4.10 Weight (in grams) of Zucker rats with a mean age 
of about 125 days as reported in various studies. 
T h i s d i f f e r e n c e , which c a n n o t be e x p l a i n e d by t h e f a t c o n t e n t 
of t h e r a t chow g i v e n , i l l u s t r a t e s t h e d i f f i c u l t y i n c o m p a r i n g 
t h e q u a n t i t a t i v e r e s u l t s of t h e v a r i o u s s t u d i e s p e r f o r m e d w i t h 
f a t t y r a t s . 
Several authors have published results of jejunoileal bypass 
in fatty rats. Grosfeld (1977) found a loss of weight of 18% 
of preoperative body weight, 4 weeks after a 90% jejunoileal 
bypass in Zucker rats (weight + 500 g ) . 
Baggio et al. (1976) report the effect of a 4+2 cm end-to-end 
jejunoileal bypass in Sprague-Dawley rats fattened with insu-
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are not so clearly seen in our 10$ group 
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4.8 The change in body weight after 16 weeks adjusting for 
sex, shunt length, age, length of small intestine and body 
weight at operation 
4.8.1 Correlation between change of body weight and length of 
the shunt 
The Pearson correlation (= r) between change of body weight 
( between the first and last measurement after operation) and 
length of the shunt as percentage of the length of the small 
intestine is significantly positive in the composed 4+2 cm and 
10$ group (r = 0.61, ρ < 0.001). 
Thus a comparatively longer shunt, leaving a larger part of 
the functional intestine, causes a smaller decrease in weight. 
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4.8.3 Predictive equation 
The multiple regression model used above gives rise to 
following predictive equation: 
the 
Δ W = 8.8 
in which, 
+ 35 Y1 - 0.68 Y2 + 0.30 Y3 - 2.0 Y4 - 0.23 Y5 -15 Y6 
Δ W = change of weight in g after 16 weeks, 
Y1 = length of shunt as percentage of total small intestinal 
length, 
Y2 = age in days on day of operation, 
Y3 = small intestinal length in mm on day of operation, 
Y4 = length of the body in mm on day of operation, 
Y5 = weight in g and on day of operation, 
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The most decisive factor determining loss of weight after 
jejunoileal bypass is the length of the functioning segment as 
percentage of the total small intestinal length. 
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Chapter 5 
EFFECT OF OPERATION ON SOME BIOCHEMICAL PARAMETERS IN BLOOD 
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5.3.1 Hemoglobin preoperatlvely 
In table 5.1 the mean preoperative value of hemoglobin in 
serum is presented in the 4 experimental groups, both for male 
and female rats. 
Hb sham 4+2cm 10% p.c.s. 
male 
female 
Table 5.1 Hb preoperatlvely fin mmol/1 ) for male and female 
Zucker rats in 4 experimental groups. N is number of rats. 
According to a two-way analysis of variance no significant 
effects of sex ( main effect and interaction effect) are to be 
found. However, the hypothesis that averaged over both sexes 
the 4 experimental groups have the same mean preoperative Hb, 
has to be rejected. A simultaneous multiple method of 
comparison according to Scheffé, reveals that this is mainly 
caused by the fact that the mean Hb in the p.c.shunt group is 
significantly lower than in the other 3 groups (p <^  0.01). 
This might be explained by the higher age of this group (cf. 
Ч . З . І ) . There is no significant difference in preoperative Hb-
level among the other three experimental groups (cf. also 
table 5.2). 
5.3.2 Postoperative changes in hemoglobin 
Since no significant difference in preoperative Hb between 
sexes was found in the 4 groups (5.3.1), further data on Hb 
will be presented for groups as a whole; however, in the two-
way analyses of variance used below the effect of sex is 
always implied. 
Table 5.2 shows the mean values of hemoglobin, preoperatlvely 
and 7 weeks and 16 weeks postoperatively. 
Hb preoperaCively after 7 weeks after 16 weeks 
(N) (N) (N) 
sham 9.9 +_ 0.6 (10) 10.Í + 0.4 (9) 9.8 + 0.9 <10¡ 
4+2 cm 9.5 + 0.7 (20) 8.3 + (.0 (19) 9.1 Γ 0.7 (19) 
104 9.7 + 0.5 (23) 9.1 + 0.6 (22) 9.4 + 0.9 (23) 
p.c.s. 8.7 + 0.4 (9) 9.9 + 0.6 (10) 9.4 + 0.5 (10) 
Table 5.2 Effect of operation on hemoglobin. Results are given 
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e in hemoglobin, as measured after 7 weeks and 
is not significant in comparison with the sham 
to Scheffé. 
5.3.3 Hemoglobin in male lean Zucker rats 
Mean hemoglobin in 4 male lean Zucker rats was 9.3 in mmol/1 
(s.d. = 1.0 mmol/1). 
5 . 4 Serum bilirubin 
Bilirubin was assayed in serum preoperative!у and 7 and 16 
weeks postoperatively. 
With the exception of one rat ( in the sham group), which 
showed a certain degree of liver degeneration (bilirubin: 127 
ramol/1, G.P.T.: 33 U/l, A.P.: 157 U / l ) , all bilirubin values 
measured fell into the normal range. Thus, neither the je­
junoileal bypass operations nor the portacaval shunt affect 
the bilirubin concentration. This does not necessarily mean 
that liver function is unimpaired; bilirubin might simply be 
too aspecific a parameter in our experiment. 
5.5 Serum glutamate-pyruvate transaminase 
5.5.1 Serum glutamate-pyruvate transaminase preoperatively 
In table 5.3 the mean preoperative values for G.P.T. in serum 
are presented for the 4 experimental groups, both for male and 
female rats. 
It is obvious that comparison of the four groups is impaired 
by the great variation in G.P.T. levels, in particular in the 
4+2 cm and 10} shunt groups. 
Statistical evaluation by means of a two-way analysis of 
variance shows no significant differences, neither among the 





































Table 5.3 Mean С.P.T. preoperatively ( in U/l ) for male and 
female Zucker rats in 4 experimental groups. N is number of 
rats. 
5.5.2 Postoperative changes in serum glutamate-pyruvate 
transaminase 
Table 5.4 compares the mean values of G.P.T. with those 
measured 7 and 16 weeks postoperatively, without 
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Table 5.4 Effect of operation on G.P.T. m serum. Results are 
expressed fin U/l ) as mean value plus or minus s.d.. N is number 
of rats. 
Clearly, none of the four types of operation induces an in­
crease in serum G.P.T. level compared to the preoperative 
value. The variation in serum G.P.T., assayed 7 and 16 weeks 
postoperatively, is much smaller than the unexpected high 
variation found preoperatively. Two-way analyses of variance 
(with factors operation and sex) of the changes between pre-
and postoperative values after 7 weeks and after 16 weeks show 
no significant difference in serum G.P.T., among the four 
experimental groups. This might be due to the considerable 
variation of the values. Anyway, liver function, as monitored 
by the level of serum G.P.T., is not found to deteriorate 
after jejunoileal bypass or portacaval shunt in Zucker rats, 
at least not within the first 16 weeks. 
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5.5.3 Serum glutamate-pyruvate transaminase in male lean 
1 i ttermates 
The average G.P.T. level of 4 male lean littermates was 1 8 + 2 
(s.d.) U/l. 
This figure seems to be lower than that found in fat male 
Zucker rats of the same age. It should be compared with fat 
male rats in the 10Î group (54 U/l) or p.c.s. group: 17 U/l 
(see table 5.3). 
This higher value of serum G.P.T. might be an expression of 
the fatty liver degeneration in fatty Zucker rats (see chapter 
7, Hepatic histology). 
5 .6 Alkaline Phosphatase in serum 
5.6.1 Alkaline Phosphatase preoperati vel y 
In table 5.5 the mean preoperative values of A.P. in serum are 
given for the 4 experimental groups. 































Table 5.5 Mean preoperative Alkaline Phosphatase (in U/l) m 
male and female Zucker rats. N is number of rats. 
T w o - w a y a n a l y s i s o f v a r i a n c e s h o w s no s i g n i f i c a n t d i f f e r e n c e s 
n e i t h e r b e t w e e n s e x e s n o r among g r o u p s . 
5 . 6 . 2 P o s t o p e r a t i v e c h a n g e s i n A l k a l i n e P h o s p h a t a s e 
P o s t o p e r a t i v e l e v e l s o f A . P . , m e a s u r e d a f t e r 7 a n d 16 w e e k s , 
a r e c o m p a r e d w i t h t h e p r e o p e r a t i v e c o n c e n t r a t i o n s i n t a b l e 
5 . 6 , w h e r e d i f f e r e n t i a t i o n i n s e x e s i s o m i t t e d . 
Д. P . p r e o p e r a t i v e l y a f t e r 7 ureeics a f t e r 16 weeks 
(N) (N) (N) 
sham 142 + 43 (10) 101 + 40 (10) 89 + 19 (10) 
4+2 cm 165 +_ 60 (20) 176 +_ 43 (19) 145 + 37 (20) 
104 165 + 64 (23) 154 + 48 (22) 125 +_ 38 (23) 
p.c.s. 130 +_ 41 (10) 66 +_ 27 (10) 88 +_ 14 (10) 
Table 5.6 Average level of Alkaline Phosphatase (in U/l), 
preoperative!^ and 7 and 16 weeks postoperatively. N is number 
of rats. 
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Through separate Student's paired tests we find significant 
decreases after 7 and 16 weeks for all groups except the 4+2 
cm group and the 10ί group after 7 weeks. 
The differences in changes of the serum Alkaline Phosphatase 
between preoperative and postoperative values were further 
evaluated with a two-way analysis of variance ( with factors 
operation and sex) followed by a simultaneous multiple compa­
rison method according to Scheffé. The hypothesis of equal 
changes after 7 weeks for the 4 groups, averaged over both 
sexes, has to be rejected ( ρ = 0.01). The slight increase in 
A.P. , measured after 7 weeks in the Ц+2 cm bypass group, and 
the decrease, measured after 7 weeks in the portacaval shunt 
group, are significantly different (p г 0.03). 
After 16 weeks no significantly different changes are found. 
5.6.3 Alkaline Phosphatase in male lean Zucker rats 
The average level of A.P. in 4 male lean littermates was 90 + 
16 (s.d) U/l. This value for lean littermates should be com­
pared with the male fatty Zucker rats in table 5.5 . 
As for G.P.T. ( 5.5.3 ) this higher value of A.P. might be 
an expression of the fatty degeneration of the liver in fatty 
Zucker rats (see chapter 7, Hepatic histology). 
5.7 Cholesterol in serum 
5.7.1 Cholesterol preoperatively 
The mean preoperative concentrations of cholesterol in serum 




































ГаЬіе 5.7 Mean preoperative serum cholesterol (in mmol/1) in 
4 experimental groups. N is number of rats. 
Two-way analysis of variance shows no significant differences 
neither between sexes nor among any of the groups. 
5.7.2 Postoperative changes in cholesterol 
Table 5.8 shows mean values of cholesterol preoperatively and 
7 and 16 weeks after operation without differentiation into 
sexes. 
According to separate Student's paired tests the level of 
cholesterol has not changed significantly 7 weeks after 
operation in any of the experimental groups (p > 0.05). 
38 
c / i o i . p r e o p . (Ν) 7 weeks (Ν) 16 weeks (Ν) 
sham 4.01 + 1.11 ( 7) 4.36 + 1.96 ( 7) 4.45 +_ 1.64 ( 8) 
4+2 cm 4.17+^0.81 (15) 3 .03 + 0 . 7 3 (15) 3 .76 + 0 .9/ (15) 
10% 4.01 + 1.01 (20) 3 .62 + 0 . 7 3 (20) 3 .85 +_ 0.74 (17) 
p.c.s. 4.52 + 1.27 (10) 3.53 + 0.62 ( 9) 3 .30 + 0 .46 (10) 
Table 5.8 Effect of operation on serum cholesteroi. Results are 
expressed (mmol/1) as mean value plus or minus s.d. for whole 
groups without differentiation into sexes. N is number of rats. 
Δ cholesterol sham (N) 4+2 cm (N) 104 (N) p.c.s. (N) 
male 7 w 1.10 (4) -0.48 (8) -0.39 (8) -0.10 (5) 
+ 1.42 + 0 . 5 / +_0.76 + 0 . 7 5 
16 w 1.35 (4) -1.06 (7) -0.19 (6) -0.58 (5) 
+ 0.72 + 0 . 6 5 +_ 0 . 4 9 + 0 . 4 3 
f e m a l e 7w -0.64 (3) -0.19 (7) -0.39 (12) -1.63 (4) 
+_ 1.07 + / .09 +_ 1.39 + 1 .28 
16 w -0.93 (2) -0.07 (8) -0.19 (11) -1.86 (5) 
+ ».09 + О.бв + 0 . 6 2 + / . 3 7 
Table 5.9 Changes (= L·) in serum cholesterol, as measured 7 and 16 
weeks after operation. For each experimental group separate values 
are given for male and female rats. Results are expressed as average 
change plus or minus s.d. in mmol/1, comparing preoperative values 
with those measured 7 and 16 weeks postoperatively. Between brackets 
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significantly different from the 
ation. The interaction test of 
iance shows a clear difference 
an changes (p < 0.001) after 16 
5.7.3 Cholesterol in male lean Zucker rats 
Serum cholesterol in 4 male lean littermates was 3.10 + 0.40 
(s.d.) mmol/1 . 
This level seems to be lower than those measured in male sham 
(Ч.Ч5 + 0.98 mmol/1) and male p.c.shunt (3.96 + 0.72 mmol/1) 
rats, which at time of assay were nearest in age. 
The male rats in the portacaval shunt group, with a decreased 
cholesterol of 3.38 mmol/1 after 16 weeks, approximate choles­
terol of the lean littermates (3.1 mmol/1). 
The same applies to the 4+2 cm group (3.16 mmol/1) and, to a 
lesser extent, to the 10Ï group (3.9 mraol/1). (cf. table 5.7 
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of several diets as studied by Malewiak (1977), de Waard 
(1978) and Comal (1976). 
One of the positive effects of jejunoileal bypass in morbidly 
obese patients, with or without hyperlipidemia (type Ila or 
type IV according to Fredrickson, 1978), is a marked and 
permanent reduction of plasma cholesterol and triglycerides 
(Buchwald, 1981; Ackerman, 1982). 
We have found a significant decrease in serum cholesterol 16 
weeks after a 1+2 cm jejunoileal bypass (131 decrease) and a 
small non-significant decrease 16 weeks after a 10І jejuno­
ileal bypass ( 2% decrease) provided we neglect the different 
behaviour of both sexes (cf. table 5.8). However, both de­
creases did not differ significantly from the change in the 
sham group. 
Grosfeld (1977) reported that hepatic cholesterol levels were 
not affected by jejunoileal bypass in fat Zucker rats, while 
hepatic cholesterol synthesis was significantly increased. 
This excess synthesis of hepatic cholesterol results in 
super saturât ion of bile which becomes cholelithogenic , thus 
possibly explaining in part the increased incidence of 
gallstones observed after jejunoileal bypass in patients. 
Grosfeld does not mention serum cholesterol. 
So our finding that serum cholesterol does not change 
significantly after jejunoileal bypass as compared to sham 
rats does not give any information about what is actually 
happening in cholesterol metabolism after jejunoileal bypass. 
In our experiment portacaval shunt lowered serum cholesterol 
significantly. Besides, this decrease differs significantly 
from the change in the sham group. Sixteen weeks postoperati-
vely the concentration was 26t lower than the concentration of 
the sham rats. This phenomenon has also been described by 
Pector (1981) who reported that after portacaval shunt in lean 
and fatty Zucker rats the concentration of liver lipids, 
including cholesterol, remained unaffected, while hyperchol-
esterolemia and the in vivo incorporation of 3H20 (tritiated 
water) into total liver cholesterol decreased by 43%. 
5.8 Triglycerides 
5.8.1 Triglycerides preoperatlvely 
The mean preoperative serum triglyceride levels in male and 




































Table 5.10 Mean preoperative serum triglyceride (in mmol/1) 
in 4 experimental groups. N is number of rats. 
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Two-way analysis of variance shows significantly elevated 
triglyceride levels in serum of female rats as compared to 
male rats (with 6.04 and 4.50 mmol/1 as estimates of the means 
respectively; ρ = 0.02). 
There is no significant difference in average triglyceride 
concentration among the four groups averaged over both sexes. 
5.8.2 Postoperative changes in triglyceride 
Both after 7 weeks and after 16 weeks mean triglyceride levels 
in female rats are higher than in male rats according to a 
two-way analysis of variance but this fact does not essential­
ly influence the overall change in triglycerides in the expe­
rimental groups. Therefore table 5.11 gives the postoperative 
values without taking into account the male-female difference. 
triglyc. preop. (N) after 7 w (N) after 16 w (N) 
sham 5.96 + 2 . 9 3 (10) 6.23 ±2.57 (10) 5.88 ±2.57 ( 9) 
4+2 cm 4.75 + 2 . 0 2 (19) 0.89 ±0.52 (19) 1.29 ±0.56 (19) 
10% 4.52 ± 1.28 (21) 1.90 ± 1.54 (22) 2.76 ± 1.35 (22) 
p.c.s. 6.04 + 4.24 (10) 2.70 + 0 .60 (10) 3.48 + / . 6 5 (10) 
Table 5.11 Effect of operation on serum triglycerides. Results are 
expressed (mmol/1) as mean value plus or minus s.d. without sex dif­
ferentiation. N is number of rats. 
Separate Student's paired tests give highly significant 
decreases after 7 weeks and after 16 weeks for the 4+2 cm 
group and 10Í group (p < 0.001), significant decrease for the 
p.c. shunt group after 7 weeks (p = 0.031) and nearly 
significant decrease (p = 0.084) after 16 weeks. No 
significant differences are found for the sham group. 
A two-way analysis of variance shows that sex does not affect 
changes in triglycerides between values measured 7 weeks or 
16 weeks after operation and preoperative concentrations. 
Averaged over both sexes the overall hypothesis of equal 
changes after 7 weeks or after 16 weeks has to be rejected 
(p < 0.001 and ρ = 0.05 respectively). According to the 
simultaneous comparison method of Scheffé this has been caused 
by the following differences. 
Rats with a 4+2 cm jejunoileal bypass show a significantly 
larger reduction in triglycerides after 7 weeks in comparison 
with sham rats (p = 0.001). Further, rats with a 10% jejuno-
ileal bypass and rats with a portacaval shunt show a signifi-
cantly larger reduction in triglycerides after 7 weeks in 
comparison with sham rats (p = 0.02). 
There exists no significant difference in triglyceride 
reduction, as measured after 7 weeks,between rats with a 4+2 
cm bypass and rats with a 10$ bypass. 
After 16 weeks only rats with a 4+2 cm jejunoileal bypass show 
an almost significantly larger reduction in triglycerides in 
comparison with sham rats (p = 0.09). 
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5.8.3 Triglycerides in male lean Zucker rats 
Serum triglycerides in 4 male lean littermates are 0.77 + 0.18 
mmol/1 (mean + s.d.). 
Only serum triglyceride levels in fat rats with a 4+2 cm 
jejunoileal bypass, as measured 7 weeks postoperatively , 
approximate those found in lean rats (cf. table 5.11). 
However, their triglyceride level has significantly increased 
again to 1.29 mmol/1 16 weeks after operation (Student's 
paired test: ρ < 0.001). This increase may be due to adapta­
tion of functional intestine. 
5.8.4 Discussion 
The fat Zucker rat is characterized by a substantial increase 
of serum triglycerides in comparison with its lean littermates 
(see 2.3.4). 
Zucker (1965 ) reported that serum triglycerides increase with 
age . 
Barry ( 1969) found a decrease in triglyceride level when com­
paring rats of 4 and 9 months old. Serum triglycerides in 
female fatty Zucker rats, aged 4 months, were 8.78 + 0.23 
mmol/1 (mean and S.E.M.) and at the age of 9 months were 4.41 
+ 1.86 mmol/1 (mean and S.E.M.). 
De Waard (1978) reported an increase of triglycerides for male 
Zucker rats up to 5.59 + 0.58 mmol/1 (mean and S.E.M.) at 14.5 
weeks of age, followed by a decrease to 4.40 + 0.64 mmol/1 
(mean and S.E.M.) at 20.5 weeks. 
In our sham rats (age at operation 16 weeks) a slight and not 
significant increase of serum triglycerides is present after 7 
weeks. Triglycerides after 7 weeks in male sham rats: 5.30 
mmol/1 (s.d. = 2.75 mmol/1), N = 4 ; in female sham rats: 6.85 
mmol/1 (s.d. = 2.49 mmol/1), N = 6. 
In our sham rats a minimal and not significant decrease of 
serum triglycerides is found after 16 weeks. Triglycerides 
after 16 weeks in male sham rats are 5.20 mmol/1 (s.d. = 1.65 
mmol/1), N = 3 ; and in female rats 6.23 mmol/1 (s.d. = 3.01 
mmol/1), N = 6. 
This means that Zucker rats probably show a maximum level of 
triglycerides when they are about 19 weeks old. 
Cornai ( 1978) reported serum triglycerides in male fat Zucker 
rats to be of a higher level than in female fat Zucker rats 
(4.20 and 3.93 mmol/1, respectively). We find a significant 
effect the other way round, not only preoperatιvely but also 7 
and 16 weeks after operation averaged over all experimental 
groups. It is impossible to compare absolute triglyceride 
values found by the various authors due to differences in age 
of rats and method of triglyceride assay. Grosfeld (1977) 
demonstrates a significant 48Í reduction in serum triglyce-
rides 4 weeks after 90% jejunoileal bypass (comparable with 
our 10Í bypass) in fat rats as compared to controls (1.67 + 
0.23 mmol/1 and 3.21 + 0.36 ramol/1, respectively). Lean rats 
had even lower triglycerides: 0.97 + 0.18 mmol/1. Our results 
are similar, especially 7 weeks postoperatively with an 86% 
reduction of triglycerides in the 4+2 cm jejunoileal bypass 
group and a 70$ reduction in the 10J jejunoileal bypass group 
as compared to the sham rats. The reduction after 16 weeks is 
78} and 539 respectively. This probably means that between 7 
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weeks and 16 weeks a certain degree of adaptation in intesti-
nal absorption occurs, as is also indicated by the weight 
curves (cf. 4.7.2 and 4.7.3 ) . 
The results of the p.c.shunt group are in agreement with those 
reported by Pector (1981) who found in male fatty Zucker rats 
3 weeks after portacaval shunt a reduction of 78Í of triacyl-
glycerol, if compared with sham rats fed ad libitum. Our 
experiments show a 57ί reduction of triglyceride 7 weeks 
after portacaval shunt and a 41% reduction 16 weeks after 
portacaval shunt as compared with sham rats. 
Again, as in jejunoileal bypass, a certain adaptation to the 
shunt appears to occur. 
5.9 Summ 
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weeks postoperatively, in the four experimental 
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arameters for lipid metabolism. 
s lowered 7 weeks after a 4+2 cm bypass but after 
e was no sigmfjcant difference with preoperative 
of the groups. 
parameters chosen to monitor possible liver 
did show any consistent increase after opera-
t, average G.P.T. and A.P. activities measured 16 
4+2 cm bypass, 10Í bypass or portacaval shunt, 
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est that no liver damage occurs within the first 
er jejunoileal bypass or portacaval shunt in the 
t. 
leal bypass and portacaval shunt strongly affect 
triglycerides in serum. Sixteen weeks after a 4+2 
a 10$ bypass a significant reduction in triglyce-
d. It appears that there exist pronounced diffe-
um triglycerides between male and female rats. 
eks a 4+2 cm Jejunoileal bypass significantly 
evel of cholesterol in the serum compared to the 
value. However, this decrease is not significant 
η with the change of the level of cholesterol in 
weeks after operation. 
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Chapter 6 
MORPHOLOGICAL CHANGES IN THE SMALL INTESTINE AFTER SHAM 
OPERATION JEJUNOILEAL BYPASS OR PORTACAVAL SHUNT 
6. 1 Introduction 
This chapter deals with macroscopic and microscopic changes in 
jejunum and ileum which have been found 16 weeks aft^-r jejuno-
ileal bypass or portacaval anastomosis . 
A number of rats with a 4+2 cm jejunoileal bypass was sacri-
ficed after one week or after two weeks, for the purpose of 
studying early effects. 
It has been known for many years that diarrhea, often seen 
after massive resection of small bowel or jejunoileal bypass, 
diminishes with time. Some time after operation a substantial 
dilatation and elongation of the remaining intestine is seen. 
This macroscopic adaptation reflects microscopic structural 
changes, in particular elongation of the villi in a thickened 
intestinal wall. 
Whereas some animal experiments have shown this adaptation, 
similar studies in man are scarce. 
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v i l l u s 
c r y p t 
m u s c u l a r i s m u c o s a e 
- s u b m u c o s a 
m u s c u l a r i s p r o p r i a 
s e r o s a 
Fig. 6.1. Schematic anatomy of the small intestine of the fat 
Zucker rat. 
ϊ · * ?4І??4Д 
Fig. 6.2. Jejunum of the fat Zucker rat at operation. 






























































ess of th 
ucosa is 
aris muc 
osa is с 
of the en 
a (see fi 
from thes 
pearance 












itudinal cross sections were examined with 
eter and height of the five tallest well-
height (or depth) of their respective 
s propria and thickness of the entire wall 
ken as the distance between villous extre-
e, judged to be that point on the epithe-
h the villous epithelium curves on to the 
en as the distance between the crypt base 
epithelial surface at the villous base 
statistical analysis the mean of the 5 measu-
circular preparations was taken unless, as in a 
e quality of the circular preparation was much 
ory than that of the longitudinal preparation. 
he values obtained from either circular or 
eparations did not differ much, at least if not 
he anastomosis. This was also found by Fenyö 
h Nygaard (1967) found a local hypertrophy in 
of the anastomosis both after transections and 
ight, crypt height, muscularis propria thick-
wall thickness are known one can calculate the 
e mucosa and the submucosa. 
the sum of villous height, crypt height and 
osae, which proved to be 10 mu, whereas the 
alculated as the difference between the thick-
tire wall and the sum of mucosa and muscularis 
g.6.1 ) . 
e objective microscopic values gross macrosco-
of the functional and excluded segment of small 
valuated 16 weeks postoperatively. 
6.4 Macroscopic aspects 
6.4.1 Hypertrophy of the functional segment and atrophy of the 
excluded segment 16 weeks after jej unoileal bypass 
hypertrophy of the functional segment and 
atrophy of the excluded segment were scored аз 
rdly present or clearly present when the rats were 



























he 4 + 2 
as hard 
hypertrophy of the intestine points to a clearly 
atation and elongation. 
atrophy of the intestine points to a clearly 
uction in diameter and length. 
hypertrophy of the functional segment was always 
both jejunoileal bypass groups. In 931 of the cases 
s) it was scored as clearly present (19 of 20 rats 
cm group and 21 of 23 rats in the 10% group) and in 
























































































egment, 7% or 10Ϊ respecti-
al length after both types of 
degree of macroscopic hyper-
ed segment was always present 
of the cases (N = 43 rats) it 
out of 20 rats in the 4+2 cm 
the 10Ϊ group) and in 16} as 
in the 4+2 cm group and 4 out 
al segment, 7Í or 10Í respec-
tinal length, seems not to 












































































hy of the fu 
t one week о 
pic appeara 
h a 4+2 cm j 
7 male fatty 
killed after 
macroscopic 
et visible i 
macroscopic 
nd in 5 rats 
ly present i 
y of occurre 
wo weeks tha 
d test ) . 
macroscopi 
ible in 2 га 
After two we 
was hardl 
t. 






4+2 cm jeju 
netional se 























gment and atrophy of the 
fter jejunoileal bypass 
luated in 5 male fatty 
bypass, killed after one 
s with a 4+2 cm jejuno-
of the functional seg-
e rats. After two weeks 
of the functional seg-
stage hypertrophy was 
rtrophy is significantly 
week (p = 0.02, Hemel-
c atrophy of the excluded segment 
ts and was scored as hardly present 
eks macroscopic atrophy of the ex-
y present in 6 rats and not yet 
nee of atrophy after two weeks is 
than after one week (p > 0.10, 
). 
observations is that macroscopic 
nal segment and macroscopic atrophy 




Biopsies of prox 
experimental gr 
rats with a 4+2 
after two weeks 
Thus we have 4 
4+2 cm jejunoi 
operation, 1 wee 
Table 6.1 gives 
laris propria a 
operation in a 
ic examination of jejunum at operation 
imal jejunum were taken from all rats of the 4 
oups, and from a group of fatty male Zucker 
cm jejunoileal bypass killed after one week or 
(biopsy la in fig.6.3). 
experimental groups with a subdivision of the 
leal bypass group regarding the period after 
k, 2 weeks and 16 weeks, respectively. 
villous and crypt height, thickness of muscu-
nd thickness of the entire wall of jejunum at 
11 male and female rats that were sacrificed 
49 
colon 
Tre i tz 's l igament 
2a ileum 
Fig. 6.3. Schematic anatomy of biopsies at operation in 4 
types of operation. 
Proximal jejunum (la) and distal ileum (2a). 
Trei tz 's l igament 
Fig. 6.4. Schematic anatomy of biopsies at autopsy after 
jejunoileal bypass. 
Jejunal part of functional shunt (lb), ileal part 
of functional shunt (2b), proximal excluded jeju-
num (3), distal excluded ileum (4) and cecum (5). 
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a f t e r 16 w e e k s . 
villus crypt muse, p r o p entire wall 
846 +_ 61 





525 + 64 
513 + 58 
196 + 25 
204 + 24 
91 + 18 
93 + 20 
Table 6.1 Microscopic parameters of the proximal jejunum at 
operation in male and female Zucker rats that were sacrificed 
after 16 weeks (mean and s.d. m μ ) . 
The d i f f e r e n c e s b e t w e e n s e x e s a r e n o t s i g n i f i c a n t ( S t u d e n t ' s 
two s a m p l e t e s t ) . T h u s we may o m i t s e x d i f f e r e n t i a t i o n and 
c o m p a r e t h e 4 e x p e r i m e n t a l g r o u p s a s a w h o l e ( t a b l e 6 . 2 ) . 
villus crypt muse.prop. entire wall 
sham 10 520 +_ 56 215 +_ 17 96 +_ 9 863 +_ 64 
4+2cm 20 514 +_ 68 202 i_26 96 +_ 24 849 •*_ 70 
10% 23 523 +_ 66 195 + 26 86 +_ 16 842 +_ 70 
p . c . s . 10 513 + 43 196 +19 95 + 21 836 + 54 
Table 6.2 Microscopic parameters of the proximal jejunum in 4 
experimental groups at operation (mean and s . d . i n μ ) . 
V i l l o u s h e i g h t , c r y p t h e i g h t , t h i c k n e s s o f m u s c u l a r i s p r o p r i a 
and t h i c k n e s s o f e n t i r e w a l l o f t h e p r o x i m a l j e j u n u m do n o t 
d i f f e r s i g n i f i c a n t l y among t h e 4 g r o u p s ( a n a l y s i s o f 
v a r i a n c e ) . 
If we are to compare the effects of the operations on the 
dynamic state of the intestinal mucosa the crypt height 
villous height ratio is important. Villous height is in broad 
terms proportional to the enterocyte population; crypt height 
provides an estimate of the extent of generative epithelial 
activity and the ratio of crypt height to villous height is 
thought to be a function of enterocyte lifespan. 
For man in the United Kingdom the crypt-villus ratio of 
jejunum should not exceed 0.6 (Lee, 1980). 
For our 63 fatty Zucker rats the mean crypt-villus ratio of 
the jejunum at operation is 0.39. 
6.5.2 Proximal jejunum and jej unal part of functional segment 
16 weeks after operation 
Villous height, crypt height, thickness of muscularis propria 
and thickness of entire wall are given in table 6.3 for the 
various experimental groups. Biopsies are taken from the 
proximal jejunum in the sham and p.c.shunt groups (biopsy 1a 
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in fig. 6.3) and from the jejunal part of the functional 
segment in the 4+2 cm and 10% bypass groups (biopsy lb in fig. 
6.4). 
villus crypt muse.prop, entire wall 
sham Í0 560 +_ 86 Í8) +_ 25 107 +_ 35 890 + 98 
4+2cm 20 571 + 69 191 +_ 29 102 +_ 20 897 +_ 107 
10% 23 593 + 86 203 + 33 123 +_ 34 958 +_ 135 
p.c.s. 10 506 + 52 185 + 21 115 + 28 845 + 93 
Table 6.3 Microscopic parameters of proximal jejunum m sham 
and p.c.s. groups and of jejunal part of functional segment in 
4+2 cm and 10% jejunoileal bypass 16 weeks after operation 
(mean and s.d.in μ ) . 
When we compare tables 6.2 and 6.3 we find a minimal increase 
in thickness of the entire wall of proximal jejunum in the 
sham group ( 3 ï ) , a 6% increase in the 1+2 cm bypass group, a 
ItJ increase in the 10Ϊ group and a negligible increase in the 
p.c.shunt group ( I S ) . Separate Student's paired tests only 
show a significant increase for the 10Í group (p < 0 . 0 0 1 ) . 
When we test the hypothesis that for all groups the total 
thickness changes in an equal way with a one-way analysis of 
variance, we find no clearly significant result (p = 0 . 1 0 ) . 
Comparing the 4 operation groups with a one-way analysis of 
variance we find a significant result with respect to change 
in crypt height (p = 0 . 0 2 ) . According to the method of Scheffè 
this has mainly been caused by the fact that the observed 
increase for the 10Í group differs significantly from the 
decrease for the sham group (p = 0 . 0 2 ) . Likewise, the 4 groups 
differ with respect to the change in thickness of muscularis 
propria (p = 0 . 0 3 ) . According to Scheffé the increase for the 
10Ϊ group is significantly greater than the increase for the 
4+2 cm group (p = 0 . 0 4 ) . No significant differences among the 
groups have been found with respect to the changes in villous 
height and crypt height - villous height ratio. 
If we also compare the jejunal wall parameters of each group 
at operation and after 16 weeks , some significant differences 
may be demonstrated by Student's paired tests. 
In the sham group villous height has increased by 8% (p > 
0 . 1 0 ) , crypt height, however, has significantly decreased by 
16Í (p s 0 . 0 0 8 ) . Consequently, the mean crypt-villus ratio has 
decreased from 0.42 to 0.33 (p = 0 . 0 3 ) , indicating less gene-
rative epithelial activity. This 16* decrease in crypt height 
of sham rats is unexpected. 
The thickness of muscularis propria has not increased signifi-
cantly (11» ) . 
In the 4+2 cm bypass group villous height of the jejunal part 
of the functional segment increases significantly by 11% 
(p = 0 . 0 3 ) , and crypt height decreases not significantly by 
5% (p > 0 . 1 0 ) . In consequence the mean crypt-villus ratio 
52 
decreases significantly from 0.40 to 0.31» (p = 0.005). 
Thickness of nuscularis propria increases by 6% (p > 0.10). 
Thus, except for villous height increase , unexpectedly little 
change in the functional jejunal wall is found after 4+2 cm 
bypass. 
In the 10i bypass group villous height of the jejunal part of 
the functional segment increases significantly by 13% 
(p = 0.004), crypt height increases - non-sigmf icantl y - by 
4% and the crypt-villus ratio decreases from 0.38 to 0.35 
(p = 0.08). 
Thickness of muscularis propria increases significantly by 43Ï 
(p < 0.001). 
Thus the functional jejunal segment is strongly affected by a 
10} bypass. 
In the p.c. shunt group neither of the microscopic parameters 
of the proximal jejunal wall changes significantly. 
Since crypt height does not decrease, as it does in sham rats, 
the decrease in the sham group is probably not accounted for 
by diminished regenerative capacity, parallelling age. 
6.5.3 Early changes in jejunal part of functional segment 
after a 4+2 cm jejunoileal bypass 
In order to study early changes in the intestinal wall after 
4+2 cm jejunoileal bypass we will compare the differences of 
intestinal wall parameters in three groups, sacrificed after 
1, 2 and 16 weeks, respectively. 
In each group data after operation are compared with values 
obtained at operation. The postoperative changes are 
calculated in table 6.4 (cf. biopsy la and lb in fig. 6.3 and 
fig. 6.4). 
r a t s s a c r i -
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28 + 39 (144) 15 +_ 19 (16%) 69 +_ 108 ( 8%) 
26 +_ 47 (11%) 52 + 47 (47%) 301 +_ 158 (33%)* 
-11 + 40 (-5%) 6 + 25 ( 6%) 48 + 139 ( 6%) 
Table 6.4 Changes in microscopic parameters of functional jejunal wall occurring 
after jejunoileal bypass (mean and s.d. in μ and - between brackets - percentual 
mean change). * = significant ( < 0.05) according to S t u d e n t ' s paired t e s t . 
A l l p a r a m e t e r s o f t h e f u n c t i o n a l j e j u n u m i n c r e a s e a f t e r 1 
w e e k , t h o u g h n o t s i g n i f i c a n t l y . A f t e r 2 w e e k s a g r e a t e r and 
s i g n i f i c a n t i n c r e a s e i s f o u n d f o r a l l p a r a m e t e r s e x c e p t c r y p t 
h e i g h t and a f t e r w a r d s t h e e f f e c t d i m i n i s h e s . 
S i n c e we do n o t know w h a t h a p p e n s b e t w e e n 2 and 16 w e e k s , we 
c a n n o t c o n c l u d e t h a t h y p e r t r o p h y r e a c h e s i t s maximum 2 w e e k s 
a f t e r o p e r a t i o n . 
The t h i c k n e s s o f m u s c u l a r i s m u c o s a e and t u n i c a s u b m u c o s a t a k e n 
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together.which may be calculated as the thickness of the 
entire wall minus that of the sum of villus, crypt and 
musculans propria, (cf. fig. 6.1), does not change much: an 
average increase of 6 mu, 21 mu and 4 mu after 1 week, 2 
weeks and 16 weeks, respectively. 
These differences in intestinal parameters at the various 
times after operation have been compared with a one-way analy-
sis of variance together with a simultaneous multiple compari-
son method according to Scheffé. Then the overall hypothesis 
of equal changes in villous height has to be rejected (p = 
0.01); the increase of villous height after 2 weeks is signi-
ficantly greater than after 1 and 16 weeks (p = 0.03). 
Change in crypt height tends to differ among the 3 periods 
(p = 0.06) but no significant difference is present between 
changes after 1 week and 2 or 16 weeks, or between changes 
after 2 weeks and 16 weeks. 
Concerning the increase in thickness of musculans propria the 
overall hypothesis of equal changes is rejected (p = 0.009). 
After 2 weeks the increase is significantly greater than that 
after 16 weeks (p = 0.008). 
Likewise, the increase of the entire jejunal wall after 2 
weeks is significantly greater than after 16 weeks (p = 
0.002), but also greater than after 1 week (p = 0.03). 
The crypt-villus ratio of the functional jejunum is 0.40 at 
operation, 0.ЧЧ after 1 week, 0.34 after 2 weeks and 0.34 
after 16 weeks. The hypothesis of equal changes has to be 
rejected (p = 0.04). According to Scheffé this is possibly 
caused by the fact that the changes after 2 and 16 weeks 
differ from the change after 1 week (0.05 < ρ < 0.07). 
6.5.4 Excluded proximal jejunum in 4+2 cm b^¿ass group and 
10% b^£ass group after ±6 weeks compared with proximal jejunum 
at operation 
The changes in microscopic parameters of the excluded proximal 
jejunum, observed 16 weeks postoperatively and compared with 
values measured at operation, are represented in table 6.5 for 
the 4+2 cm and the 10Í jejunoileal bypass groups (cf. biopsy 3 
and la in fig 6.3 and fig. 6.4). 
Δ villus Δ crypt Δ musc.prop. Δ entire wall 
4+2cm 19 -Ì4 + 124( 3%) -24 + 37(12%)* 18 +_28(19%)* -14 + 122 ( 2%) 
104 23 20 + 77( 44) -18 + 26< 9%)* 27 + 33(3»%)* 32 + 96 ( 4%) 
Table 6.5 Changes in microscopic parameters of excluded proximal jejunum 16 
weeks after a 4+2 cm or a 10% jejunoileal bypass (mean and s.d. m μ , and -
between brackets - percentual mean change). * = significant; ρ < 0.01, 
Student's paired test. 
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following With the use of Student's paired tests the 
conclusions may be drawn. 
Villous height of the excluded jejunum in the 4+2 cm bypass 
group has diminished by 3ί ( not significantly) whereas the 
10Î bypass group shows an increase of 4% (not significant). 
The same holds good for the change in thickness of the entire 
wall (2Í and H% , respectively). 
Crypt height of the excluded jejunum diminishes significantly 
in both groups by 12Í (p = 0.01) and 9% (p = 0.003), respecti-
vely. 
Thickness of musculans propria increases significantly in 
both groups by 19* (p = 0.01)and 31Ϊ (p < 0.001) respectively. 
The fact that both villous height and thickness of entire wall 
do not change clearly, while the thickness of m u s c u l a n s 
propria increases, is unexpected if we consider the clear 
macroscopic atrophy of the excluded jejunum. However, one 
should keep in mind that neither circumference of the 
intestine nor total mucosal surface have been taken into 
account. 
Mean crypt-villus ratio in the 4+2 cm bypass group at opera­
tion is 0.40 and 0.36 after 16 weeks . This decrease is not 
significant. 
In the 10Í bypass group crypt-villus ratio is 0.38 at opera-
tion and 0.33 after 16 weeks . This decrease is significant 
(p = 0.003) . 
6.5.5 Ear 1^ changes in excluded proximal jejunum after a 4 + 2 
cm jejunoileal bypass 
The microscopic parameters of excluded proximal jejunum, 
measured 1, 2 and 16 weeks postoperatively, have been compared 
with the data obtained at operation from the proximal jejunum 
(cf. biopsy 3 and la in fig. 6.3 and fig. 6.4 ) . The postope-
rative changes are given in table 6.6 . 
rats sacri-







-2 + 108( 04) 6 
12 +_ 159( 2%) -32 




14 + 25(14%) 
17 + 31(154) 
18 + 2309%)* 
28 + 102 
-10 + 213 




Table 6.6 Changes in microscopic parameters of the excluded proximal jejunum 
after 4+2 cm jejunoileal bypass (mean and s.d.m μ , and - between brackets -
percentual mean change К 
* = significant ( ρ < 0.01) according to Student 's paired test. 
According to separate Student's paired tests no significant 
changes after 1 week or 2 weeks are found (p >0.10). Besides, 
with one-way analyses of variance for neither of the changes 
represented in table 6.6 significant differences among the 3 
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subgroups are found. 
Also, thickness of muscularis mucosae and tunica submucosa do 
not change much (cf. 6.5.3 )· 
Mean crypt-villus ratio is 0.40 at operation , 0.42 after 1 
week , 0.37 after 2 weeks and 0.36 after 16 weeks . 
Also these changes in crypt-villus ratio are not significantly 
different according to a one-way analysis of variance. 
6 . 6 IIeum 
§-ί.^ί^-1 Microscopic examination of ι leum at operation 
Biopsies of distal ileum were taken as described earlier (cf. 
3.2.9, 3.3.3, 3.3.4 and 3.3.5) from all rats of the H 
experimental groups. This was also done with a group of fatty 
male Zucker rats with a 4+2 cm jejunoileal bypass sacrificed 
after 1 week or after 2 weeks (cf. biopsy 2a in fig. 6.3 ). 
Thus we have 4 experimental groups with a subdivision of the 
4+2 cm jejunoileal bypass group in as far as the period after 
operation is concerned : 1 week, 2 weeks and 16 weeks 
respectively. 
Table 6.7 gives mean values of villous and crypt 
heights,thickness of muscularis propria and thickness of the 
entire wall in the ileum of male and female Zucker rats. 





355 + 43 
337 + 56 
194 + 25* 
181 + 20* 
100 + 20 
93+19 
681 + 62* 
646 +74* 
Table 6.7 Microscopic parameters of the distal ileum m male 
and female Zucker rats at operation (mean and s.d.in μ ) . 
* = significant (p < 0.05) difference according to Student 's 
test. 
In a Student's two sample test both crypt height and thickness 
of the entire wall of the distal ileum appear significantly 
greater in male rats than in female rats (p = 0.02 and ρ = 
0.05, respectively). 
Nevertheless, for two reasons we neglect the sex difference 
when comparing the 4 experimental groups (table 6.8). Both 
sexes are equally distributed over each of the groups. 
Secondly, both sexes appear to behave in the same way 
(increase, decrease or no change) when we examine the changes 
of the parameters of the intestinal wall. 
One-way analyses of variance show that villous height, crypt 
height, thickness of muscularis propria and thickness of 
entire wall of the distal ileum do not differ significantly 
among the 4 groups. 
Mean crypt-villus ratio of the ileum in these 63 rats is 0.55 
at operation. 
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N villus crypt musc.prop e n t i r e wal l 
sham /0 323 +_ 47 195 + 18 93 +_ 23 648 +_ 69 
4+2cm 20 355 ±48 186 ±21 94 +_ 19 666 ±61 
10% 23 338 + 57 179 ±25 95 ± 19 648 ± 81 
p.c.s. 10 364 + 40 201 + 24 104 + 22 702 + 57 
Table 6.8 Microscopic parameters of the distal ileum m 4 
experimental groups at operation (mean and s . d . in μ ) . 
6 . 6 . 2 D i s t a l i l e u m and i l e a l p a r t o f f u n c t i o n a l s e g m e n t 16 
w e e k s a f t e r o p e r a t i o n 
V i l l o u s h e i g h t , c r y p t h e i g h t , t h i c k n e s s o f m u s c u l a r i s p r o p r i a 
and t h i c k n e s s o f e n t i r e w a l l f o r t h e v a r i o u s e x p e r i m e n t a l 
g r o u p s a r e g i v e n i n t a b l e 6 . 9 . B i o p s i e s w e r e t a k e n from t h e 
d i s t a l i l e u m i n sham and p . c . s h u n t g r o u p s and from t h e 
j e j u n a l p a r t o f t h e f u n c t i o n a l s e g m e n t i n 4 + 2 cm and 10% 
b y p a s s g r o u p s ( c f . b i o p s y 2 a i n f i g . 6 . 3 and b i o p s y 2 b i n f i g . 
6 . 4 ) . 
v i l l u s crypt muse.prop, e n t i r e wal l 
sham /0 329 ± 68 180 ± 32 106 ± 33 662 ± 109 
4+2cm 20 663 ± 100 209 ±22 112 ±26 1026 ± 122 
104 23 713 ±162 219 ±42 128 ±28 1112 ±228 
p . c . s . /0 345 + 56 176 + 27 137 + 62 700 + 117 
Table 6.9 Microscopic parameters of distal ileum in sham and 
p.c.s. groups and of ileal part of functional segment in 4+2 
cm and /0% j e j u n o i l e a l bypass groups 16 weeks after operation 
(mean and s.d. in μ ) . 
For each group separately we have compared the data from 
tables 6.8 and 6.9 with the help of Student's paired tests. A 
minimal (2Ϊ), non-signifleant increase in thickness of the 
entire wall of the distal ileum is then found in the sham 
group. 
Villous height, crypt height and thickness of muscularis 
propria also remain unchanged in the sham group. 
Crypt-villus ratio of the distal ileum in the sham group at 
operation is 0.62 and it changes to 0.56 16 weeks after 
operation. This decrease is not significant. 
In the 4+2 cm group all layers of the ileal part of the 
functioning segment have increased very significantly 16 weeks 
after operation : villous height by 871 (p = 0.0001), crypt 
height by 12Í (p = 0.0008), thickness of muscularis propria by 
19% (p = 0.005) and thickness of the entire wall of the ileal 
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6.6.3 Early changes in ileal part of functional segment after 
a 4 + 2 cm jej unoileal bypass 
The changes in the ileal part of the functional segment of a 
4+2 cm jejunoileal bypass observed 1 week, 2 weeks and 16 
weeks postoperatively are presented in table 6.10 (cf. biopsy 
5Θ 
2a in f i g . 6 . 3 and b i o p s y 2b in f i g . 6 . 4 ) . 
D a t a o b t a i n e d a f t e r o p e r a t i o n a r e c o m p a r e d w i t h v a l u e s 
m e a s u r e d a t o p e r a t i o n and t h e c a l c u l a t e d p o s t o p e r a t i v e c h a n g e s 
a r e g i v e n . 
r a t s s a c r i ­







312 + 147 
405 + 107 







53 (284) 34 +_ 36 (42%) 
24 (25%)* 54 + 42 (64%) 
26 (124)* 17 + 25 (19%) 
397 + 114 
494 + 119 




Table 6.10 Changes m m i c r o s c o p i c parameters of functional ileal part of a 4+2 cm 
jejunoileal bypass (mean and s . d . in μ , and - between b r a c k e t s - p e r c e n t u a l mean 
change). * = significant (p < 0.05) according to Student's paired test. 
A considerable increase in all parameters of the functional 
ileum is visible .particularly 2 weeks after operation. 
Again, as in the jejunal part of the functional segment 
(6.5.3) muscularis mucosae and tunica aubmucosa do not change 
much with a mean increase of 1 mu, a decrease of 12 mu and an 
increase of 12 rau after 1 week, 2 weeks and 16 weeks respecti­
vely. 
After 1 week the increases of villous height and thickness of 
the entire wall are significant (p < 0.01) according to 
Student's paired tests. 
After 2 weeks the increase, expressed as percentages of 
values at operation, amounts to 135Ϊ for villous height, 25% 
for crypt height, 64? for thickness of muscularis propria and 
79% for thickness of the entire functional ileal wall.All 
increases are significant (p < 0.02). 
If we compare the differences in intestinal parameters , 
measured at the various times after operation with a one-way 
analysis of variance neither the increase of villous height 
nor the increase of crypt height is significantly different 
after 1, 2 and 16 weeks. 
The hypothesis of equal increases for the thickness of 
muscularis propria has to be rejected (p = 0.04). According to 
the method of Scheffé the increase in thickness of muscularis 
propria is greater after 2 weeks than after 16 weeks 
(p = 0.05) . 
Possibly the increases in thickness of the entire wall in the 
functional ileal part are also different for the 3 times 
(p = 0.07). The increase tends to be greater after 2 weeks 
than after 16 weeks (p = 0.07) according to Scheffè. 
Mean crypt-villus ratio of the functional ileum is 0.53 at 
operation (if only based on the 16-week rats; the mean value 
at operation of all 1-week, 2-week and 16-week rats amounts to 
0.57), 0.43 after 1 week, 0.34 after 2 weeks and 0.32 after 16 
weeks. 
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These changea in crypt-villus ratio are significant after 2 
weeks and 16 weeks (Student's paired test: ρ < 0.001). 
However, no different changes are found according to a one-way 
analysis of variance (p > 0.10). 
bj-bj-Ü Excluded di s t a 1 ileum in t-t-2 cm bypass group and 1 0 % 
bypass group after 16 weeks in comparison with distal i 1 eum~at 
operation 
The microscopic parameters, observed in the excluded distal 
ileum 16 weeks after a 4+2 cm or a 10Ï jejunoileal bypass, 
have been compared with those measured in the distal ileum at 
operation (cf. biopsy 4 and 2a in fig. 6.4 and fig. 6.3). The 
calculated changes are expressed in table 6.11 . 
Ν Δ villus Δ crypt Δ musc.prop. Δ entire wall 
4+2cm 20 1 + 83 (0.34) -7 + 37 (-4%) 34 +_ 46 (36%)* 43 + 139 ( 6%) 
104 23 101 + 111 ( 304)* 7 + 40 ( 44) 28 + 46 (29%)* 150 + 173 (23%)* 
Table 6.11 changes in microscopic parameters of excluded distal ileum 16 weeks 
after a 4+2 cm or a 10% jejunoileal bypass (mean and s.d. in μ , and - between 
brackets - percentual mean change ) . * = significant, ρ < 0.01, Student 's paired 
test. 
With separate Student's paired tests the following results are 
obtained . 
Villous height of the excluded ileum in the 4+2 cm bypass 
group does not change whereas it shows a significant increase 
of 30Ï (p = 0.0002) in the 10Í group. 
Crypt height diminishes slightly (4Í) and increases slightly 
(4Í) in the 4+2 cm bypass group and the 10Ï bypass group , 
respectively (both changes are not significant). 
Thickness of muscularis propria increases significantly in 
both groups by 36* (p = 0.003) and 29% (p = 0.007), respecti-
vely. 
Mean thickness of the entire wall increases by 6t (p > 0.10) 
in the 4+2 cm bypass group and by 231 (p = 0.0004) in the 10Í 
group . 
Crypt-villus ratio in the 4+2 cm bypass group is 0.53 at 
operation and after 16 weeks 0.52 in the excluded distal 
ileum. This decrease is not significant. 
In the 10$ bypass group mean crypt-villus ratio at operation 
is 0.54. Sixteen weeks after operation this has significantly 
(p = 0.007) decreased to 0.45 in the excluded ileum. 
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6.6.5 E a r l £ changes in the excluded distal ileum aJ4er a H + 2 
cm jej unoileal bypass 
The microscopic parameters of excluded distal ileum, measured 
1, 2 and 16 weeks after operation, have been compared with the 
data obtained at operation from the distal ileum (cf. biopsy H 
in fig. 6.4 and biopsy 2a in fig. 6.3). The postoperative 
changes are given in table 6.12 . 
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/Í2 + 96 
(84 + 144 




10 + 39 
31 + 34 




29 + 36 
59 + 27 




151 + 154 
255 + 170 




Table 6.12 Changes in microscopic parameters of excluded distal ileum after 4+2 cm 
jejunoileal bypass (mean and s.d. in μ , and - between brackets - percentual mean 
change ) . * = significant (p < 0.05) according to Student 's paired test. 
According to separate Student's paired tests villous height 
has increased nearly significantly (p = 0.06 ) by 20% after 1 
week and significantly (p = 0.03) by 61$ after 2 weeks. After 
16 weeks it has decreased again to the value measured at 
operation. The hypothesis that the changes for the 3 periods 
are equal, has to be rejected ( ρ = 0.001, one-way analysis of 
variance) . 
A further analysis according to Scheffê does not clearly show 
that the change in villous height, measured after 1 week 
differs from the change measured 16 weeks postoperatively 
(p = 0.10). 
If the change, measured after 2 weeks, is compared to the 
change measured after 16 weeks, a significantly (p = 0.002) 
diminished effect is present in the latter group. 
Crypt height of the excluded ileum has increased by 6% after 1 
week and by 16Ï after 2 weeks, while after 16 weeks it has 
diminished by 4%. None of these changes is statistically 
significant. The changes in crypt height measured after 1 
week, 2 weeks and 16 weeks do not differ significantly (one-
way analysis of variance). 
Thickness of muscularis propria of the excluded distal ileum 
increases by 37ϊ (ρ > 0.10) after 1 week, and by 68Ϊ after 2 
weeks (p = 0.003) and still shows a significant increase of 
36Ϊ after 16 weeks (p = 0.003). No significant differences 
among the 3 changes are found (p > 0.10; analysis of 
variance ) . 
Thickness of the entire wall of the excluded distal ileum 
increases by 26Ϊ (n.s.) after 1 week and by 41J after 2 weeks 
(p = 0.01). After 16 weeks a small non-significant increase 
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6.7 Compari son of microscopic parameters of jej unum and 
ileum ±n fat and lean Zucker rats 
Mean values of villous height, crypt height, thickness of 
musculans propria and thickness of the entire wall of jejunum 
and ileum in 121 male and female fatty Zucker rats and Ц male 
lean Zucker rats are given in table 6.13. 
The mean age of fatty rats is 121 days and the mean age of 
lean rats is 131 days. 




525 + 60* 
448 + 57* 
204 + 28 
196 + 16 
93 + 20 
82 + 14 

































Table 6.13 Microscopic parameters of jejunum and ileum in 
fatty and lean Zucker rats at operation (mean and s.d. m μ ) . 
* = s i g n i f i c a n t d i f ference between f a t t y and lean r a t s , 
ρ < 0.02, S t u d e n t ' s t e s t . 
The v a l u e s of i n t e s t i n a l p a r a m e t e r s in f a t t y and l e a n Z u c k e r 
r a t s a t o p e r a t i o n have been c o m p a r e d w i t h t h e h e l p of a S t u ­
d e n t ' s two s a m p l e t e s t . I n f a t t y r a t s , b o t h v i l l o u s h e i g h t and 
t h i c k n e s s of t h e e n t i r e w a l l of j e j u n u m a r e s i g n i f i c a n t l y 
g r e a t e r t h a n i n l e a n r a t s , 17ϊ (ρ = 0 . 0 2 ) and 15Í ( ρ = 0 . 0 0 4 ) 
r e s p e c t i v e l y , w h e r e a s no s i g n i f i c a n t d i f f e r e n c e e x i s t s i n 
c r y p t h e i g h t or t h i c k n e s s of m u s c u l a n s p r o p r i a . 
I l e a l v i l l o u s h e i g h t i s 25% g r e a t e r i n f a t t y r a t s t h a n in 
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lean rats (ρ = 0.01) and thickness of the entire ileal wall 
tends to be greater in fatty rats (13%, ρ = 0.07). 
Crypt height and thickness of musculans propria in the ileum 
are not significantly different for fatty and lean Zucker 
rats. 
Mean crypt-villus ratio of the jejunum in fatty rats is 0,39 
and 0.44 in lean rats . The difference is not significant. 
Mean crypt-villus ratio of the ileum in fatty rats is 0.57 and 
0.68 in lean rats , which is significantly higher (p = 0.03). 
6 .8 Hypertrophy of the functional intestine _,_ atrophy of the 
excluded segment and reflux into the excluded distal ileum 16 
weeks after a 4+2 cm or a 10% jej unoileal bypass 
6,8.1 Macroscopic hypertrophy and microscopic measurements of 
the functional segment 16 weeks after a 4+2 cm and 101 
jejunoileal bypass 
Macroscopic hypertrophy of the functional segment in the 4+2 
cm bypass group and the 10% bypass group after 16 weeks is 
equally frequent in both groups (see 6.4.1 for definition and 
number of rats). Therefore, both groups can be studied 
together. 
Since elongation and dilatation of the functional intestine 
after bypass are not necessarily correlated with hypertrophy 
of the layers of the intestinal wall, a possible relation has 
been investigated. 
Table 6.14 gives the changes in microscopic parameters of 
jejunum and ileum of the functional segment, 16 weeks after 







123 + 121 
59 + 104 
Δ crypt 
13 + 94 
-2 + 33 
Δ musc. prop. 
47 + 80 
21+32 
Δ ent. wall 
167 + 303 
78 + 121 
ileum 
little 3 505 +_ 109* 38 +_ 54 38 + 41 597 + 195 
much 40 331 + 141* 32 +37 25 + 31 402 + 191 
Table 6.14 Changes m microscopic parameters of functional 
jejunum and ileum 16 weeks after 4+2 cm or 104 jejunoileal 
bypass m rats with little and in r a t s with much macroscopic 
hypertrophy of the functional segment (mean and s.d. in μ ) . 
* = s i g n i f i c a n t d i f f e r e n c e Cp = 0.04) between little and much 
hypertrophy according to Student 's two-sample test. 
T a b l e 6 . 1 4 s h o w s t h a t w h e n l i t t l e e l o n g a t i o n a n d d i l a t a t i o n o f 
t h e f u n c t i o n a l s e g m e n t o c c u r s t h e i n c r e a s e o f a l l p a r a m e t e r s 
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of the jejunal and ileal wall is greater than in a situation 
where much hypertrophy is present. 
These differences , however, are not significant with the 
exception of the difference for the villous height in the 
ileum (p = 0.04). This is probably due to the large variation 
and the small number of rats showing little hypertrophy. 
These results indicate that elongation and dilatatation of the 
intestinal wall and increase in thickness of the layers of the 
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127 +_ 201 
95 + 160 
Table 6.15 Changes m microscopic parameters of the excluded 
jejunum and ileum 16 weeks after 4+2 cm or 104 jejunoileal 
bypass in rats with l i t t l e and in rats with much macroscopic 
atrophy of the excluded segment (mean and s.d. m μ ) . 
Table 6.15 shows that, generally, if little reduction in dia­
meter and length of the excluded segment is found the increase 
of nearly all parameters of the jejunal and ileal wall is 
slightly greater than in a situation where much atrophy is 
present. 
64 
Fig. 6.5. Autopsy specimen 16 weeks after 10% jejunoileal 
bypass in the fat Zucker rat. Clear hypertrophy of 
the functional intestinal segment (between both 
needles in lower part of picture). 
Clear atrophy of the excluded intestine (middle of 
the picture. Cecomegaly (left). 
Fig. 6.6. Female fat Zucker rat. Age 12 weeks, weight: 305 g 
(left). Female fat Zucker rat, 5 weeks after 4+2 
cm jejunoileal bypass.Weight : 203 g. 
Age at operation 13 weeks and weight: 301 g 
(right). 
6b 
However, in a Student's -two sample test no statistically 
significant difference in change of jejunal and ileal wall 
parameters can be shown between rats with little or rats with 
much atrophy of the excluded segment. 
6.8.3 Macroscopic reflux into the excluded segment and 
microscopic measurement of the excluded segment 16 weeks after 
4 + 2 ^ш' and 10% jej unoileal bypass 
Since reflux with chyme into the distal excluded small 
intestine and thus undesired resorption of nutrients by the 
excluded segment, has been mentioned as a possible cause for 
insufficient weight reduction after jejunoileal bypass (Payne, 
19Ö0 ), this phenomenon was studied and compared with micros-
copic ileal wall parameters 16 weeks after construction of the 
bypass. 
In the 4+2 cm bypass group 8 rats show reflux into the distal 
excluded ileum and 12 show no reflux whereas in the 10Í bypass 
group 11 rats show reflux and 12 show no reflux. This dif-
ference in frequency is not significant (chi-square test). 
Thus all rats with a bypass may be considered as one group. 
Table 6.16 gives the changes in microscopic parameters of 
the excluded proximal jejunum and distal ileum, 16 weeks after 
a 4+2 cm or a 10Ï jejunoileal bypass, both in rats where 
reflux is present and in rats where reflux is absent. 
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Table 6.16 Changes in microscopic parameters of excluded proxi­
mal jejunal and distal ileal wall 16 weeks after jejunoileal 
bypass in rats with and without reflux into the excluded segment 
(mean and s.d. in μ ) . 
* = significant difference (p < 0.001) between presence of reflux 
and absence of reflux according to Student 's test. 
Villous height of the excluded proximal jejunum seems to 
decrease when reflux into the excluded distal ileum is absent, 
whereas villous height seems to increase when reflux into the 
excluded distal ileum takes place. However, the difference 
between those changes is not clearly significant (p = 0.08) 
according to a Student's two-sample test. 
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two weeks after operation, is in apparent contrast to the 
observed increase (33Î) of thickness of the layers of the 
functioning jejunum (cf. table 4.8 and table 6.1). 
This might suggest two separate, successive mechanisms of 
adaptation: firstly the increase of thickness of the 
intestinal wall, mostly by increase of villous height and 
muscularis propria and secondly the increase in length and 
circumference. 
After reaching a probable maximum of length and circumference, 
the thickness of the intestinal wall diminishes again, though 
it remains of a higher degree than before the operation, 
suggesting an equilibrium with a maximal absorptive surface. 
This might explain why the ileum still shows such tremendous 
increase of thickness of intestinal wall, especially of 
villous height, 16 weeks after 4+2 cm or 10Ï jejunoileal 
bypass, when it has reached its maximal elongation and circum-
ference ( cf.tables 6.8, 6.9 and 4.8). 
The functioning jejunum shows less elongation and less in-
crease of villous length, starting from a more advantageous 
position preoperatively, viz. twice the length of the 
functioning ileum, with a larger circumference, taller villi 
and in the possession of Kerckring's folds. 
Only two authors (Nygaard, 1967 c,d, and Nemeth, 1981 ) have 
published about the adaptation of intestinal muscle in the in-
continuity segment after jejunoileal bypass. 
Nygaard describes hypertrophy of the muscular layers of the 
small bowel after 75% resection or bypass and an increase of 
gastrointestinal transit-time 7 days after resection of 75Ï of 
the small intestine. Fourteen days after operation gastro-
intestinal transit-time had decreased again. 
Nemeth (1981) shows enhanced rapid transit-time 3 days after 
70Í end-to-end jejunoileal bypass in rats, but after 35 days 
the transit-time is again at the level of the control animals. 
Both wet weight and protein content of muscle were increased 
35 days after operation, supporting the hypothesis that the 
adaptation in the in-continuity segment after jejunoileal 
bypass involves changes in function and structure of the 
intestinal smooth muscle as well as of the intestinal mucosa. 
The stimuli which eventually result in increased muscle weight 
and protein content are not known. Possibly the bulk of intes-
tinal contents, which is postulated to stimulate mucosal adap-
tation, also activates muscular adaptation. 
In our experiment we have measured an increase of muscularis 
propria in the functioning jejunum of the 4+2 cm bypass group 
and 10Ï bypass group which is not significant, however, in 
comparison with the sham group (cf.tables 6.2 and 6.3). 
The same holds good for the functioning ileum (cf. tables 6.8 
and 6.9). 
However, in the 10% bypass group a significant 43$ increase is 
present after 16 weeks if the postoperative thickness of 
muscularis propria is measured against the value at operation. 
After a 4+2 cm jejunoileal bypass, there is an increase of 
muscularis propria of the functioning jejunum of 16X, 47t and 
6i , as measured 1, 2 and 16 weeks after operation respective-
ly. For the functioning ileum these values are 42Ï, 64% and 
19%, respectively. Thus, after a maximum increase measured 2 
69 
weeks postoperatively, a small increase could still be obser­
ved 16 weeks after operation. 
The crypt-villus ratio, measure of enterocyte lifespan, in the 
functioning jejunum has increased from 0.40 to О.ЦЦ 1 week 
after a 4+2 cm jejunoileal bypass. Subsequently, after both 2 
and 16 weeks, a value of 0.34 is found, 
Thus enterocytes show a maximal functional period 1 week after 
operation. 
In the functioning ileum life span seems to diminish steadily: 
a ratio of 0.53 at operation, 0.43 after 1 week, 0.34 after 2 
weeks and 0.32 after 16 weeks, about the same as found in the 
functioning jejunum 16 weeks after operation. 
According to the classification of abnormal villous patterns 
as given by Lee (1980), the functioning jejunum and ileum 
show the hypertrophic pattern as observed during lactation 
and after elemental nutrition in experimental animals ( Ellas 
and Bowling, 1976, Nelson, 1978). He considers it a true 
enterocyte hyperplasia in response to functional demand. 
At present no explanation can be given for the considerable 
increase of musculans propria, found 16 weeks after the 
construction of a portacaval shunt, both in jejunum (21Í) and 
in ileum (32Í), although these changes were not clearly signi-
ficant. One would expect no change of the small intestine at 
all unless a humoral factor, produced by the liver and 
affecting adaptation, were to exist. 
Changes in the layers of the functioning intestine are limited 
to villous height and musculans propria and to a smaller 
extent, to crypt height, whereas muscularis mucosae and submu-
cosa do not play any significant part. 
For the excluded segment reports are contradictory. 
Sachdev (1979) found after a 10i end-to-side bypass in rats a 
decrease of intestinal length of the bypassed segment of 
approximately 101, measured after 1 week,4 weeks and 1 year. 
The circumference of the proximal part of the bypassed segment 
(jejunum) had not changed after 1 week. 
After 4 weeks, however, and after 1 year, a 35Ï decrease of 
circumference was observed. In contrast, a 50% increase of 
circumference of the distal end (ileum) was found after 1 week 
and a 70% and 74Ï increase after 4 weeks and 1 year, respec-
tively. 
In our experiment atrophy of the excluded segment becomes 
visible between 1 and 2 weeks after operation and is always 
present after 16 weeks. 
In contrast, the layers of the excluded jejunum show little 
change after 1, 2 or 16 weeks. A small decrease of crypt 
height and a minimal increase of musculans mucosae are 
observed. The increase of musculans mucosae might be ex-
plained by more or less futile efforts of the excluded bowel 
to propel the enclosed inspissated mucus . 
This hypothetical phenomenon may account for the abdominal 
cramps, which are observed very frequently in patients after 
jejunoileal bypass, and may correlate with the syndrome which 
is called bypass enteritis , 
Villous height , musculans mucosae, tunica submucosa and 
total thickness of the excluded proximal jejunum do not change 




of two separate adaptation mechanisms : decrease of length and 
circumference of the intestine and hardly any change of 
villous height and the other intestinal layers of the excluded 
segment. 
The excluded distal ileum behaves in a way different from the 
excluded proximal jejunum. 
One week after jejunoileal bypass the entire wall has in-
creased in thickness by 26% and after two weeks this in-
crease is U1%. Especially villous height and thickness of 
musculans propria increase ( by 61Ï and 68%, respectively 
after 2 weeks, cf. table 6.12). 
After 16 weeks the thickness of the entire wall 
eluded ileum has decreased again,but it still 
greater than the value at operation. 
Villous height has then been reduced to the value at operation 
whereas crypt height has diminished slightly ( by 4%). 
It is worth noticing that, as with the excluded jejunum,the 
thickness of the musculans propria has maximally increased 
by 68Ï 2 weeks after operation and that still a considerable 
increase of 36%, compared with the value at operation, remains 
16 weeks postoperatively. 
This remarkable increase may again be explained by efforts to 
propel inspissated mucus in the ascending colon. 
Neither m u s c u l a n s mucosae nor tunica submucosa change in 
thickness. 
If little macroscopic atrophy of the excluded intestine is 
present one expects a different thickness of the intestinal 
layers as compared to the situation where much atrophy of the 
excluded intestine exists. This does not clearly prove to be 
the case . 
If reflux of chyme from the ascending colon into the excluded 
distal ileum is present one expects a change in thickness of 
the intestinal layers, in comparison with a situation where 
such reflux is absent. 
This only proves to be the case for the musculans propria 
and indicates once more the existence of two separate adap-
tation mechanisms in the small intestine. 
Mean crypt-villus ratio in the jejunum of fatty rats in the 
4+2 cm group at operation is 0.10. It diminishes to 0.33 m 
the excluded jejunum 16 weeks after construction of a 4+2 cm 
jejunoileal bypass. Decrease of crypt height (12Í) contributes 
relatively more to the lowering of this ratio than the de-
crease of villous height (3Í). This may indicate, apart from a 
decline in generative epithelial activity, a slightly 
diminished enterocyte population. 
In the classification of abnormal villous patterns, the ex-
cluded jejunum shows a hypoplastic pattern. This pattern has 
been observed in experimental radiation enteritis, intestinal 
ischaemia, following cytotoxic drugs and in patients who are 
either chronically ill or obviously undernourished (Lee,1980). 
In the last case this pattern is probably a morphological 
expression of reduced functional demand,a situation similar to 
that of the excluded jejunum . 
The crypt-villus ratio of the distal excluded ileum shows less 
change than in the excluded jejunum. It changes from 0.53 at 






















of too m 
This ph 
the 4+2 








juice , ρ 






























































































































































































y η , 
activit 
η , as 
г а Ц + 2 
of 7% 
10Í jej 











of the small 
unoileal bypass 
he functioning 
jejunum and the 
induces less 
atrophy in the 
, viz. more adaptation, 
t, because it is shorter 
10% bypass. The fact that 
somewhere between a 7% and 
occurs. Shortening the 
ult in further adaptation, 
ation, probably on account 
reflected in the weight curves after 
oileal bypasses (cf. fig. 4.1). 
en performed investigating the regula-
sult in hypertrophy and atrophy of the 
a and b) gives an extended review on intes-
appears to be controlled by a feed-back 
regulated by a number of extrinsic agents. 
ecretions, particularly bile and pancreatic 
nant part but cannot account for all aspects 
y response. Systemic factors, implicated by 
η sequestered bowel, must also contribute to 
asía, both after partial tissue loss and in 
including diabetes, hyperthyroidism and 
hormones might be either stimulatory or 
η nature. In addition the nerves, arteries and 
ora of the bowel may influence epithelial cell 
. Since the secretory and hormonal outputs of the 
ed to the presence or absence of nutrients in the 
lumen, the regulation of intestinal adaptation 
several interdependent factors. 
72 
Fig. 6.7. Jejunum of the fat Zucker rat at operation. 
(H.E. : χ 26). 
Fig. 6.8. Jejunal part of functional shunt at autopsy 16 
weeks after 4+2 cm jejunoileal bypass. Clear 
hypertrophy of villi. 
(H.E. : χ 26). 
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Fig. 6.9. Ileum of the fat Zucker rat at operation. 
(H.E. : χ 26). 
Fig. 6.10. Ileal part of functional shunt at autopsy 16 weeks 
after 4+2 cm jejunoileal bypass. Clear hypertrophy 
of villi. 
(H.E. : χ 26). 
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7 . 1 Introduction 
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This liver failure usually occurs 
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serious complications of 
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d a fatal case of liver 
ее of hepatic involvement at 
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s occurs and liver histology 
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io, 1976, 1979). 
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to 28% of the patients and 
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ed increases of these three 
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1979). 
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(McClelland, 1970; O'Leary, 
, 1979 and 1980) and with 
, 1976). 
t e n s t i c hypertrophy of the 
by fatty infiltration of the 
). 
table model to study effects 
leal bypass since its liver 
he morbidly obese patient. 
e liver of rats after porta-
y Kaplan (1966 ) . 
7.2 Anatomy of the liver 
A short description of the anatomy of the liver will be 
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At operation liver biopsies were taken from all rats (3.2.9). 
Sixteen weeks later a further liver biopsy was taken under the 
same anesthetic conditions. 
In rats expiring within this period a liver biopsy was also 
taken except in those animals which died during or shortly 
after operation as a result of anesthetic problems. 
The biopsy specimens were immediately fixed in a 4Ï formal-
dehyde solution for routine processing and stained with hema-
toxylin-eosin, periodic acid-Schiff, Azan and Perls. 
Steatosis was recorded for the pericentral area,the mid-zonal 
area between pericentral and periportal areas, and the peri-
portal area . 
For each area a scale between zero and four was used : no 
identifiable intracellular fat rated 0, minimal steatosis 
rated as 1. mild steatosis rated 2, moderate steatosis rated 3 
and marked steatosis rated t (Salmon and Reedijk, 1975). 
The presence of iron in Perls's staining procedure (siderosis) 
was recorded similarly. 
Degeneration of liver cells was classified by 4 parameters : 
the presence of Councilman bodies, of inflammatory or mono-
nuclear infiltration of the portal triad, of Mallory bodies 
and of degeneration of groups of liver cells. 
Again a scale was used ranging from zero, indicating absent, 
to four, indicating markedly present. 
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7.Ц Steatosis of the liver 
7.Ц.1 Steatosis of the liver at operation 
Steatosis or fatty change is defined as light microscopically 
visible fat in the liver. Steatosis is the most common form of 
hepatocyte degeneration, especially the type with large cyto­
plasmic droplets of fat and displacement of cell nuclei. 
Also,fat droplets from neighbouring cells may coalesce to a 
large fatty cyst which lies extracellularly and produces an 
inflammatory reaction (Poulsen, 1979). 
Table 7.1 shows localization and degree of steatosis of the 
liver at operation in 59 male and female fatty Zucker rats. 

























































































10 17 22 10 59 
Table 7.1 Steatosis of the liver at operation. Localisation 
and degree of steatosis m fatty Zucker rats,differentiated 
into the 4 experimental groups. N is number of r a t s . 
D i f f u s e d i s t r i b u t i o n of s t e a t o s i s means t h a t s t e a t o s i s i s 
p r e s e n t i n e a c h of t h e 3 l o c a t i o n s and t o t h e same d e g r e e . 
Only 1 r a t ( in t h e 10Í b y p a s s g r o u p ) p r o v e s t o be f r e e of 
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steatosis of the liver. 
In 46% of the rats (27 of 59) steatosis appears to be equally 
distributed over the 3 liver areas. 
The number of rats showing marked steatosis is clearly greater 
than the number of rats with a milder degree of steatosis. 
Marked steatosis shows a mid-zonal preponderance of 63% (37 
out of 59 rats) of the rats compared with the pericentral 
area, 39% (23 out of 59 rats), and the periportal area, 41Ï 
(24 out of 59 rats). 
This situation in fatty rats is not entirely similar to that 
in man as reported by Poulsen (1978). He finds mostly a 
diffuse distribution or a centrilobular preponderance, while a 
predominantly periportal steatosis is rare and a predominantly 
mid-zonal steatosis is extremely rare. 
7.4.2 Steatosis of ¿he liver 16 weeks after operation 
In order to evaluate the effect of a sham operation, a 4+2 cm 
jejunoileal bypass, a 101 jejunoileal bypass and a portacaval 
shunt on steatosis of the liver, degree and localization of 
steatosis were again classified at sacrifice after 16 weeks. 
For each localization the number of rats was recorded with 
either a decreased, an increased or an unchanged degree of 
steatosis. 
R e s u l t s a r e g i v e n in t a b l e 7 . 2 . 
s t e a t o s i s sham 4+2 cm 10% p . c . s 
















































total 10 17 22 10 
Table 7.2 Number of rats showing a changed steatosis of the 




fig. 7.1. Marked steatosis of the liver in the fat 
rat at operation. 
(Azan: χ 104). 
Zucker 
^ * Je- . S 
f.- ι . . · 
Fig. 7.2. Liver at autopsy 16 weeks after Í0% jejunoileal 
bypass. Minimal steatosis. 
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7.4.3 Steatosis of the liver J_ week, 2 weeks and 16 weeks 
after 4 + 2 cm jej unoileal bypass 
Salmon and Reedijk (1975) have reported increasing steatosis 
in the early postoperative period following jejunoileal bypass 
in man with a direct correlation between the rate of loss of 
weight and fatty metamorphosis. By 1,000 days postoperatively 
they observed disappearance of fat, a phenomenon also reported 
2 years after bypass by Kern et al. (1974). 
Therefore we have studied the change of steatosis of the 
liver in Zucker rats killed 1 week, 2 weeks and 16 weeks after 
4+2 cm jejunoileal bypass. 
Table 7.3 shows the decrease, steady state or increase of 
steatosis in the liver at various times after operation 
compared with the level at operation. 
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Table 7.3 Number of rats showing change of steatosis m 
various liver areas 1 week, 2 weeks and 16 weeks after 4+2 cm 
jejunoileal bypass. 
E v i d e n t l y , 1 week a f t e r j e j u n o i l e a l b y p a s s s t e a t o s i s h a s n o t 
y e t c h a n g e d . A f t e r 2 weeks t h e c h a n g e s in s t e a t o s i s a r e t o o 
e r r a t i c f o r any c o n c l u s i o n s t o be drawn and a s i g n t e s t d o e s 
n o t show any s i g n i f i c a n c e . S t e a t o s i s a f t e r 16 weeks h a s been 
d e a l t w i t h in 7.4.2 . 
7 . 5 S i d e r o s i s of t h e l i v e r 
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siderosis sham 4+2 cm 10% p . e s . total 
pericentral 
none 10 16 21 10 57 
minimal I 1 
mild 1 1 
mid-zonal 
none 10 17 21 10 58 





























Table 7.4 Siderosis of the liver at operation. Localization 
and degree of siderosis in fatty Zucker rats in the 4 experi­
mental groups. N is number of rats. 
Table 7.4 clearly shows that in only one rat minimal siderosis 
is present in all zones, while in another rat mild siderosis 
is present in the pericentral zone of the liver. 
Siderosis has been found in the Kupffer cells. 
7.5.2 Siderosis of the liver 16 weeks after operation 
For the purpose of evaluating the effect of a sham operation, 
а Ц+2 cm jejunoileal bypass, a 10% jejunoileal bypass and a 
portacaval shunt, on siderosis of the liver, degree and loca­
lization of siderosis were again classified at sacrifice after 
16 weeks. 
For each localization the number of rats was recorded with 
either decreased, an increased or an unchanged degree of 
siderosis. 
Results are given in table 7.5. 
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no change 7 14 15 1 
increase 3 3 7 9 
total 10 17 22 10 
Table 7.5 Number of rats showing a changed siderosis of the 
liver 16 weeks after operation as compared with siderosis at 
operation. 
Decrease of siderosis has not been found in any group for any 
location. 
When we apply a sign test, the increases in siderosis in the 
sham group are not significant. In the 4+2 cm bypass group the 
increase is only significant in the pericentral zone (p < 
0.01) and in both the 101 bypass group and the portacaval 
shunt group the increase is significant in all three zones 
(p < 0.02) . 
When we compare each experimental group with each one of the 
other 3 groups, at the same time considering the localization 
of siderosis, the portacaval shunt group shows an increased 
siderosis in all areas if compared with the sham group (p < 
0.008, Kruskal-Wallis and Wilcoxon tests). 
The same holds good when we compare the portacaval shunt group 
and the 4+2 cm bypass group (p < 0.006) and when we compare 
the portacaval shunt group and the ΙΟϊ bypass group (p < 
0.02) . 
Neither the 4+2 cm bypass group nor the 101 bypass group 
shows any increased siderosis in comparison with the sham 
group. 
Thus, siderosis of the liver does not change in the sham 
group ; in the 4+2 cm bypass group siderosis only increases in 
the pericentral zone and in the 10Í bypass group siderosis 
increases in all zones, especially in the pericentral zones; 
in the portacaval shunt group siderosis nearly always in-
creases and does so in all zones, especially in the pericen-
tral zone . 
The pericentral zone appears to be the zone of predilection 
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for siderosis of the liver. 
7.5.3 §і^1££32.з of the liver 2 week ^ 2 weeks and 16 week 
after 4+2 cm jejunoileal bypass 
In b rats, killed 1 week after 4+2 cm jejunoileal bypass an 
in 6 rats, killed 2 weeks after 4+2 cm jejunoileal bypas 
siderosis was absent both at operation and after 1 or 2 weeks 
Therefore siderosis in the pericentral area, as seen in th 
4+2 cm jejunoileal bypass group after 16 weeks, does no 
develop within 2 weeks after construction of the bypass. 
7.6 Degeneration of liver cells 
7.6.1 2еіебІ1£££Іі°Л °L і і ^ Г cells at operation 
Degeneration of liver cells was classified according to th 
presence of the following parameters : Councilman bodies, in 
flammatory or mononuclear infiltration of the portal triad 
Mallory bodies and degeneration of groups of liver cells. 
A Councilman body is a sign of acidophilic liver cell degene 
ration . 
It is found in a hepatocyte which is shrunken but conspicuou 
because of the intense eosinophilic staining of its 
cytoplasm. 
A Mallory body is a sign of hyaline degeneration. The cyto 
plasm of the affected hepatocyte contains hyaline bodies (Mai 
lory bodies) of rounded or irregular shape which may not b 
clearly defined. 
There is a common association with alcoholic hepatitis 
especially in the centrilobular hepatocytes (Patrick an 
McGee, 1980). 
The p r e s e n c e of t h e p a r a m e t e r s was r a t e d a s z e r o , m i n i m a l 
m i l d , m o d e r a t e and n a r k e d . 
T a b l e 7 .6 shows t h e p r e s e n c e of p a r a m e t e r s of d e g e n e r a t i o n о 
t h e l i v e r in t h e 4 e x p e r i m e n t a l g r o u p s a t o p e r a t i o n . 
degeneration 


















Table 7.6 Number of rats showing degeneration of the liver at 
operation. In all cases the degree of degeneration is mild. 
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Degeneration of groups of liver cells has not been found. 
In all cases the degree of degeneration is mild. 
In the sham, 4+2 cm bypass and 10Ï bypass group each, only 1 
rat is to be found with a mild degeneration of the liver as 
indicated by the presence of 3 parameters. 
Thus, liver degeneration in 63 fatty Zucker rats is hardly 
present and ,if present, only in a mild form. 
7.6. 
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st serious complication after jejuno-
besity. 
man show alterations of liver cells 
ed in alcoholic liver disease sugges-
de increase of fatty degeneration in 
eriod, increase of portal infiltrates 
pericellular fibrosis as a precursor 
(Marubbio, 1979). 
(1975) describe patients who develop 
noileal bypass. In those patients who 
cirrhosis, focal necrosis, cholesta-
have been found. 
zed the lipid content of the liver in 
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olesterol esters and free cholesterol 
that total hepatic lipids, hepatic 
synthesis of fatty acids were signi-
t Zucker rats as compared with lean 
10i jejunoileal bypass had little 
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measured 4 weeks after operation. 
ased . 
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ch (1974) found in man an increase of hepatic tri-



























the process that produces the liver changes 
bypass is as yet poorly understood. 
e o n e s prevail. One theory incriminates mal-
main cause (Moxley, 1974), while the other 
toxin is released from the 
У, 1974). 
s include choline deficiency 
metabolism (Sherr,1974) and 
η (Mezey, 1975). 
heory is supported by the investigations of 
), O'Leary (1974), Vanderhoof (1979) and 
uld oe prevented by supplemental feeding or 




erobic bacteria, especially bacteroides, was 
the excluded bowel of dogs and when death 
always due to liver failure. Treatment with 
nted death and reduced fat deposition. 
ory bears up the negative result of a rando-
tudy in which half of the patients received 
jejunoileal bypass (Yost, 1979). 
tion appears to offer the most satisfactory 
ugh Lockwood (1977) failed to suppress liver 
fter bypass surgery with oral peptide 
He attributed this to inadequate intestinal 
(1981) supports this suggestion by correlating 
function to morphological and enzymatic adaptation 
tioning intestine in the rat. 
lod of impaired liver function he observed a period 
ve adaptation of maltase and sucrase activities, 
ere was no increase of aminopeptidase activity in 
orders of the functioning ileal part of the shunt. 
ted in a preferential absorption of carbohydrates 
a protein deficiency and thus in an impaired nutri-
us similar to kwashiorkor. 
nal argument supporting the role of protein mai­
ls the reversal of hepatic steatosis in intestinal 
ents by intravenous infusion of calorie-free amino-
burger, 1975, Ames, 1976). 
rature about liver failure after jejunoileal bypass 
f blood flow to the liver is never mentioned. 
0) found that the total hepatic blood flow in rats 
reduced after portacaval shunt and that the wet 
the liver had decreased by 43%. In a study of the 
effects of portacaval shunt and portacaval trans-
fatty acid and cholesterol biosynthesis in the rat 
appeared that the reduction of fatty acids and 
in the liver of rats with portacaval shunt was to 
ted to the reduction of total hepatic blood flow 
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og 45 minutes after 
to the whole wall 
ileum increased by 
s c u l a n s equally shared in the 
that the reduction of total 
eal in a patient with a 10% 
bly greater than 67% , which 
, than in a patient without a 
1971,1972) resected the middle half of the gut 
ng equal jejunal and ileal remnants. The ileal 
trophied within 2 months and was comparable in 
e entire ileum of control rats. The Jejunal 
no hypertrophy and blood flow remained approxi-
f of that of control rats. 
blood flow of the ileal remnant was markedly 
the controls 2 days after resection but returned 
liar to the controls 2 months after resection, 
ting adaptation. 
t that a reduction of blood flow in the functio-
, and thus to the liver, may play a role in the 
ver failure after jejunoileal bypass. 
7.8 Summary 
The fat Zucker rat is characterized by steatosis of the liver 
with a preponderance in the mid-zonal area. There is no 
siderosis of the liver while degeneration of liver cells is 
almost completely absent and if indeed present, only in a mild 
form. 
No changes in degeneration of liver cells occur during the 
first two weeks after a 4+2 cm jejunoileal bypass. 
Sixteen weeks after operation the sham group shows no changes 
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in the liver. 
The 4+2 cm bypass rats show significant reduction in steatosis 
of the liver in the pericentral zone, the periportal zone and 
the zone between the pericentral and periportal area. 
Siderosis of the liver only increases in the pericentral zone, 
whereas degeneration of the liver cannot be demonstrated. 
The 10Í jejunoileal bypass rats show significant reduction in 
steatosis of the liver in the pericentral and mid-zonal area. 
Siderosis increases in all areas, especially in the 
pericentral area. Degeneration of the liver cannot be 
demonstrated. 
The portacaval shunt rats show significant reduction in 
steatosis of the liver in the mid-zonal area. Siderosis in-
creases in all areas, especially the pericentral area. This 
increase of siderosis in the portacaval shunt rats is 
significantly greater than in the two groups with jejunoileal 
bypass. 
Degeneration of the liver cannot be demonstrated. 
Analogous to the reduction of blood flow to the liver in a 
portacaval shunt, reduction of blood flow to the liver in a 
jejunoileal bypass is postulated as one of the factors con-




8 . 1 Introduct ion 
It has already been mentioned (3.1 
of the cecum was found after jejun 
study. One rat died through volvu 
Both this enormous distension of th 
and mortality due to volvulus о 
observed by Gustafsson in 1946 in 
1959) . 
On account of the results of the 
expected between cecomegaly and jej 
might expect a link between cecomeg 
the cecum. Therefore, we investigat 
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8.3 Cecal size at operation and 2 weeks and 16 
operation 
weeks after 
At operation the length of the cecum was measured both along 
the mesenteric and the antimesenteric border (see 3.3.1). The 
sum of both values was taken as the circumference of the 
cecum. 
Table 8.1 gives the results of the measurements of the cecum 
in the 4 experimental groups at operation. 
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cryp t 
muscu i a r i s m u c o s a e 
sub mucosa 
m u s c u l a r i s p r o p r i a 
s u b s e r o s a 
s e r o s a 
r i g . 8.1. Schematic anatomy of the cecum of the fat Zucker 
rat. 
Fig. 8.2. Cecum of the fat Zucker rat 16 weeks after a sham 
operation. 
(H.E. : χ 26). 
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cecum sham 4+2 cm 104 p.c.s. 
mesenteric 
part 2 3 + 5 2 6 + 4 23 + 3 24 + 3 
an t ime sen t e n с 
part 50+12 52+9 47+7 58+5 
circumference 73 +_ 16 78 +_ 11 71 +_ 8 82 +_ 7 
N 10 20 23 10 
Table 8.1 Size of cecum a t o p e r a t i o n : t h e circumference is 
calculated as the sum o f t h e m e s e n t e r i c and a n t i m e s e n t e r i c 
p a r t s . R e s u l t s are e x p r e s s e d m mm + s . d . . N is number of r a t s . 
The l e n g t h o f t h e a n t i m e s e n t e r i c p a r t o f t h e c e c u m i s a b o u t 
t w i c e t h e l e n g t h o f t h e m e s e n t e r i c p a r t . I n t h e p o r t a c a v a l 
s h u n t g r o u p t h e c i r c u m f e r e n c e o f t h e c e c u m i s l a r g e r , p r o b a b l y 
on a c c o u n t o f o l d e r a g e o f t h e a n i m a l s . S i x t e e n w e e k s a f t e r 
o p e r a t i o n t h e c e c u m was m e a s u r e d a g a i n . T h e s e v a l u e s a r e 
c o m p a r e d w i t h t h e m e a s u r e m e n t s a t o p e r a t i o n and t h e a v e r a g e 
c h a n g e s f o r e a c h e x p e r i m e n t a l g r o u p a r e g i v e n i n t a b l e 8 . 2 . 
Δ m e s e n t . p a r t Δ a n t i m e s . p a r t Δ c i rcumference 
sham Í0 
4+2 cm 20 
10% 23 
p . c . s . /0 
5 + 6 (20%) 
8 +_ 6 (33%) 
9 ^ 5 (38%) 
-0.2 + 5 ( 1%) 
18 + 14 (35%) 
49 + / 5 (93%) 
41 +_ 18 (86%) 
2 + 13 ( 4%) 
22 +_ 19 (30%) 
57 + 18 (73%) 
49 + 21 (70%) 
2 + 14 ( 3%) 
Table 8.2 Increase in size ( = Δ.) o f t h e cecum 16 weeks after 
operation in 4 experimental groups. The circumference is calculated 
as the sum of the mesenteric and antimesenteric parts. Results are 
expressed as average increase ( in mm) +_ s.d. and, between 
brackets, as percentual increase. 
The c e c a l c i r c u m f e r e n c e i n t h e sham g r o u p i s e n h a n c e d by 30X , 
w h i c h i s h i g h l y s i g n i f i c a n t ( p = 0 . 0 0 6 , S t u d e n t ' s p a i r e d 
t e s t ) . B o t h t h e 4 + 2 era and t h e 1 0 Ϊ j e j u n o i l e a l b y p a s s show a 
h i g h l y s i g n i f i c a n t i n c r e a s e o f t h e c e c a l c i r c u m f e r e n c e (73% 
and 7 0 $ r e s p e c t i v e l y , ρ < 0 . 0 0 1 ) . 
The p . c . s h u n t g r o u p s h o w s no c h a n g e i n c e c a l c i r c u m f e r e n c e 
a f t e r 16 w e e k s . I n t h e o t h e r t h r e e g r o u p s b o t h t h e m e s e n t e r i c 
and t h e a n t i m e s e n t e r i c p a r t o f t h e c e c u m i n c r e a s e 
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significantly, the antimesenterial part even raore than the 
mesenterial side. If we employ a one-way analysis of variance 
and the simultaneous multiple comparison method of Scheffé the 
cecal circumference of the Ц+2 cm and 10% jejunoileal bypass 
rats increases significantly in comparison with the sham rats 
(p = 0.0002 and ρ = 0.004 respectively). 
The increase of cecal circumference in the p.c. shunt group 
does not significantly differ from that in the sham group. 
Nor does there exist any difference in increase of cecal 
circumference between the 4+2 cm and 10J jejeunoileal bypass 
groups. Exactly the same holds good for the antimesenteric 
part of the cecum. 
The mesenteric part of the cecum only shows significant 
increase if we compare the p.c.shunt group with the 4+2 cm 
jejunoileal bypass and with the 101 jejunoileal bypass groups. 
Thus cecomegaly clearly occurs 16 weeks after 4+2 cm 
jejunoileal bypass ( which actually is a 7i jejunoileal by­
pass) and after 10} jejunoileal bypass. 
Portacaval shunt causes no cecomegaly. 
Six rats were killed 2 weeks after 4+2 cm jejunoileal bypass. 
Table 8.3 compares the changes in length of the cecal parts, 
as measured 2 weeks and 16 weeks after operation. 
4+2 cm 
k i l l e d Ν Δ mesent .part Δ a n t i m e s . p a r t Δ circumference 
2 weeks 6 10 + 7 (38%) 20 +_ 20 (394) 30 + 25 (394) 
16 weeks 20 8+6 (334) 49 + 15 (93%) 57 + 18 (73%) 
Table 8.3 Increase in size (= Δ} of the cecal parts 2 weeks and 16 
weeks after 4+2 era j e j u n o i l e a l bypass. 
Results a re expressed as average increase (in mm) + s.d. and, in 
brackets, as percentual increase. 
A f t e r 2 weeks t h e i n c r e a s e of t h e l e n g t h of t h e m e s e n t e r i c 
p a r t of t h e cecum i s 38Ϊ which i s s i g n i f i c a n t c o m p a r e d w i t h 
t h e v a l u e a t o p e r a t i o n (p = 0 . 0 2 , S t u d e n t ' s p a i r e d t e s t ) . The 
a n t i m e s e n t e r i c p a r t i n c r e a s e s by 391 which i s a l m o s t s i g n i f i ­
c a n t (p = 0 . 0 6 ) , w h e r e a s t h e c i r c u m f e r e n c e s i g n i f i c a n t l y i n ­
c r e a s e s by 3 9 ϊ ( p = 0 . 0 3 ) . 
I f we c o m p a r e t h e r e s u l t s in t h e shara g r o u p ( t a b l e 8 . 2 ) w i t h 
t h o s e i n t h e 4+2 cm b y p a s s g r o u p k i l l e d a f t e r 2 weeks and 16 
weeks ( t a b l e 8 . 3 ) , t h e i n c r e a s e i n l e n g t h of t h e m e s e n t e r i c 
p a r t of t h e cecum i s n o t s i g n i f i c a n t l y d i f f e r e n t in t h e s e 3 
g r o u p s . The i n c r e a s e in l e n g t h of t h e a n t i m e s e n t e r i c p a r t of 
t h e cecum i s o n l y s i g n i f i c a n t in t h e 4+2 cm b y p a s s g r o u p a f t e r 
16 w e e k s . The same h o l d s good f o r t h e i n c r e a s e of c i r c u m f e r e n ­
ce of t h e cecum ( a n a l y s i s of v a r i a n c e and s i m u l t a n e o u s m u l t i ­
p l e c o m p a r i s o n method of S c h e f f é ) . 
T h u s , c e c o m e g a l y i s n o t y e t p r e s e n t 2 weeks a f t e r 4+2 era 
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jejunoileal bypass. Therefore cecomegaly takes more than 2 
weeks to develop after jejunoileal bypass. 
8.4 Microscopic measurements of the cecal wall 
The cecal wall was examined in a group of fat Zucker rats with 
a 4+2 cm jejunoileal bypass sacrificed after 2 weeks and in 
the Ц experimental groups 16 weeks after operation. No 
biopsies of the cecum were taken at operation, so all 
measurements have to be compared with those of the sham group 
16 weeks postoperatively. 
After fixation, sectioning and staining of the cecal specimens 
by a procedure similar to that used for the specimens from the 
small intestine, crypt height, thickness of muscularis propria 
and thickness of the entire cecal wall were measured. The 
results are given in table 8.4. 
crypt muse.prop. entire vail 
sham 10 217 + 9 0 111 + 38 405 + 149 
4+2 cm 20 220 ^51 103 + 4/ 388 +_ 110 
10% 23 224 + 54 124 +_ 45 420 + 94 
p.c.s. 10 190 + 35 127 + 43 364 + 74 
2 weeks 
4+2 cm 6 230 + 35 121 + 36 391 + 50 
Table 8.4 Crypt height, thickness of muscularis propria and 
thickness of the entire wall of the cecum (in μ +_s.d.) in the 
4 experimental groups 16 weeks after operation and in 4+2 cm 
jejunoileal bypass 2 weeks after operation. N is number of 
rats. 
Analysis of variance shows no differences between the sham 
group and the other 4 groups. 
This result appears to be contradictory to the development of 
unmistakable cecomegaly in the 10) bypass group and the 4+2 cm 
bypass group as measured 16 weeks after operation. 
8.5 Cecal weight, bacterial counts and bacterial cultures. 
Gastro-intesti nal transit time 
In order to analyse the effect of jejunoileal bypass on the 
bacterial content in the cecum and on the gastro-intestinal 
transit time, 10 rats were operated upon and kept in individu­
al metabolic cages. 
We tried to measure gastro-intestinal transit time according 
to Koopman and Kennis (1977). 
The method is based on feeding 20 minute steel balls and 
subsequent x-ray examination of sequentially collected feces. 
However, since the steel balls were retained in the enlarged 














































































































divergent rebults that no conclusions 
the interfering factors may be the dye 
enlarged cecum, another factor was 
the metabolic cages. 
eeal microflora an additional Ь rats 
I bypass were sacrificed after 1 week. 
ed under strictly anaerobic conditions 
tenfold dilutions were made and micro-
ts were performed on gram-stained 
eteri al count. 
nod of 7 days the cultured bacteria 
e way, yielding the viable bacterial 
erobic and aerobic bacteria. Regret-
lal counts and viable bacterial counts 
II groups for us to reach any signifi-
1 weight and the relative cecal weight 
tal body weight) in sham rats, 4+2 cm 
ss rats, killed after 16 weeks, and in 
s rats, 1 week after operation. 










2.5 + 0.4 g 
6.2 + 1.5 g 
5.2 + 2.0 g 
2.4 + 0.4 g 
0.7 + 0.1% 
2.5 + 0.44 
2.1 + 1.4% 
0.7 + О.П 
Table θ.5 Cecal weight (mean m g + s.d.) and relative cecal 
weight (mean in % of body weight +_ s.d.) in rats with a sham 
operation, or a 4+2 cm or a /0% jejunoileal bypass, killed 
after 16 weeks, and in rats with a 4+2 cm jejunoileal bypass 
killed after 1 week. N is number of rats. 
If we employ an analysis of variance and subsequently the 
simultaneous multiple comparison method of Scheffé , cecal 
weight 1 week after 4+2 cm jejunoileal bypass proves to be the 
same as in the sham group. 
However, 16 weeks after 4+2 cm jejunoileal bypass it is signi-
ficantly greater than in the sham group (p = 0.01) whereas 16 
weeks after a 10? jejunoileal bypass it is also enhanced, 


























































ее. It h 
r in rumi 
(1974) 
agi с rats 
(1972) 
mental 
ose ( + 
otics, b 
g rodents 
lat i ve ce 
) is ар 
ventlonal 
cal circu 









s only po 
re given 
η the с 
from the 
rmfree an 






se of res 
ison wit 




of 2. Π 
rmfree ra 












been observed in rodents which were kept 
as not been observed in the dog, the cat, the 
nants. 


















































4 methods of bringing about cecomegaly in 
Is : by excessive feeding with rough 
by orally administering large doses of 
ding guinea pigs a sterilised diet and by 
germfree way. 
eight ( cecal weight in percentage of body 
nately 10i in germfree rats and 1* to 2% 
nee ι 
weig 



























































































































































































































































































length of the cecum and 
s and 1 year after 90* 
in Sprague-Dawley rats. 
t identical increases in 
(80*) after 4 weeks in 
ar these increases were 
eal bypass we find an increase of 73* 
al bypass an increase of 70* of the 
should be mentioned that we measured 
he same plane as Sachdev did. Our 
97 
results also show that it takes raore than 2 weeks to develop 
cecomegaly. 
The increase in cecal circumference of 70ί after jejunoileal 
bypass is not yet in the range of the fivefold increase found 
in germfree rats. 
This may suggest a step by step increase of the cecal circum-
ferenóe, probably depending on a step by step decrease of 
cecal flora or a change of cecal flora. 
Cecomegaly in rats may be important to investigate since after 
jejunoileal bypass in man sometimes a complication occurs, 
which is characterized by an atonic and largely distended 
colon. This phenomenon is called megacolon. 
8.7 Summary 
Jejunoileal bypass causes cecomegaly in Zucker rats. 
However, cecomegaly in Zucker rats is not as prominent as it 
іь known to exist in germfree rats. We cannot demonstrate any 
change of thickness of the cecal wall. This is in contrast to 
the reported decrease of thickness of all layers in germfree 
rats. Quantitative bacterial counts and anaerobic cultures 
show too much divergence to point to anaerobe bacteria as a 
causative factor in cecomegaly after jejunoileal bypass. 
Cecomegaly may be seen as another mechanism of adaptation to 
reinforce absorption of monosaccharides and amino-acids. 
Cecomegaly is probably accounted for by decrease and/or change 
of cecal flora. 
9Θ 
Chapter 9 
MORBIDITY AND MORTALITY 
9.1 Introduction 
Grosfeld (1976) found in 15 Zucker rats after a jejunoileal 
bypass, which is comparable with our 10Ï jejunoileal bypass, a 
20Í anastomotic leak rate and a 33% mortality rate in a period 
of 4 months. He does not mention any other complications. 
In view of these findings we recorded mortality and its 
causes, the condition of the hair of the animals and the 
presence of incisional hernia. Also, an unexpected complica-
tion occurred some weeks after operation: a perianal ulcer, 
which disappeared spontaneously in the majority of the cases, 
but in others resulted in death or in such a bad general 
condition that we were obliged to kill the rat. 
9.2 Incisional hern ia 
Table 9.1 shows the number of rats with an incisional hernia 
in each experimental group 16 weeks after operation. 




Table 9.1 Number of rats with incisional hernia 16 weeks 
after operation. N is number of rats. 
It is clear that incisional hernia is predominantly seen after 
4+2 cm jejunoileal bypass, viz. 70Ï. 
This is probably caused by the loss of fat tissue and a less 
favourable nutritional condition. An additional cause might be 
provided by a lock-stitch suture being used for peritoneum and 
fascia, and including a mass of fat tissue in this fatty 
rat. The frequency of incisional hernia is significantly lower 
in the p.c. shunt group compared with the sham, 4+2 cm and 10Í 
jejunoileal bypass groups (p = 0.02, chi-square test). 
In man incisional hernia occurs in approximately 10Ï of the 

































Loss of hair and a bad condition of the pelt may be considered 
symptoms of malnutrition and vitamin depletion. 
Table 9.2 shows the frequency of this phenomenon in the Ц 
experimental groups 16 weeks after operation. 




Table 9.2 Number of rats showing loss of hair 16 weeks after 
operation m 4 experimental groups. N is number of rats. 
Table 9.2 shows that loss of hair is essentially restricted to 
the two jejunoileal bypass groups. The difference from the 
sham group and the p.c. shunt group is significant (p < 0.001, 
chi-square test). 
Furthermore, the occurrence of loss of hair is significantly 
greater after a 4+2 cm jejunoileal bypasb than after a 10% 
jejunoileal bypass (p = 0.04 , two-sided test of Hemelrijk). 
9.4 Perianal ulcer 
Almost all rats with a 4+2 cm jejunoileal bypass and a 10Í 
jejunoileal bypass suffered from diarrhea during the first few 
weeks and some rats suffered from persistent diarrhea. As 
early as 3 days after operation some rats started to develop a 
perianal ulcer of varying size. Some rats developed a perianal 
ulcer after a few weeks. The course of this ulcer varied 
between spontaneous disappearance and deterioration by its 
invading into the perirectal fat, into the bladder area and 
even into the retroperitoneal space. Abscesses were found 
around the kidneys, in the liver and in the peritoneal cavity. 
Some rats had to be killed because of sepsis. 
This complication has not been observed in either the sham 
group or in the p.c.shunt group. 
Table 9.3 shows occurrence and the course of the perianal 
ulcer in the rats with a 4+2 cm and a 10S jejunoileal bypass. 
100 
perianal ulcer 4+2 cm and 10% jejunoileal b y p a s s 
a b s e n t 19 (31%) 
t empora ry 24 (39%) 
cause of death 18 (30%) 
N 61 
Table 9.3 Number of rats with a 4+2 cm and a 10% jejunoileal 
bypass showing no perianal ulcer, a temporary perianal ulcer 
or a perianal ulcer resulting in death. N is number of rats. 
S i n c e 10% o f t h e r a t s w i t h a b y p a s s d i e d o r h a d t o be k i l l e d 
b e c a u s e o f p e r i a n a l u l c e r a t i o n , t h i s c o m p l i c a t i o n i s v e r y 
s e r i o u s . 
We c o u l d n o t d e m o n s t r a t e a n y r e l a t i o n b e t w e e n s h u n t l e n g t h a n d 
m o r t a l i t y b e c a u s e o f p e r i a n a l u l c e r ( S p e a r m a n c o r r e l a t i o n ) . 
9 . 5 M o r t a l i t y 
Apart from septic death due to perianal ulcer anastomotic leak 
was also a cause of death. 
Rats with an anastomotic leak died on the second or third day 
after operation. 
Table 9.4 shows the distribution of rats over the 4 
experimental groups and the causes of death. 




































15 (100%) 45 (100%) 39 (100%) 16 (100%) 
Table 9.4 Cause of death m 115 fat Zucker rats distributed over 4 
experimental groups. N is total number of rats in each group. 
A n a s t o m o t i c l e a k i s a l m o s t e q u a l l y p r e s e n t a f t e r 4+2 cm a n d 
10% j e j u n o i l e a l b y p a s s , w h e r e a s t h e j e j u n a l a n d i l e a l a n a s t o -
m o s e s a f t e r b i o p s i e s i n t h e sham g r o u p a n d p o r t a c a v a l s h u n t 
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e has η 
led of anastomotic dehiscence. This amounts 
ypassed rats ( 84 rats) or 7.8% of all 115 
ese 115 rats are those rats killed after 1 
(N = 12) and those rats that remained in a 
10). Amongst them no leak occurred. 
ditional 22 rats the leak rate is 6.6Ϊ of 
N = 137) and 8.7Ϊ of all bypassed rats. Our 
ak rate is considerably better than the 20% 
eld (1976). This improvement is probably 
e use of an operating microscope. 
Grosfeld's statement that the Zucker rat 
nee the overall mortality is 38Ϊ (52 out of 
died of other causes. Of these rats 3 died 
eatitis, 3 died on account of instrumental 
ruction of the portacaval shunt, 1 died 
olus in the cavai vein and 18 (= 10%) died 
ic problems. 
ot been seen as a cause of death. 
9 .6 Conclusion 
The Zucker rat is a delicate experimental animal. 
The main problem is formed by anesthesia. Incisional hernia is 
often seen. Loss of hair as expression of malnutrition occurs 
nearly always after a 't + 2 em jejunoileal bypass and in more 
than 50Í of the rats with a 10Ϊ jejunoileal bypass. 
An unexpected complication of jejunoileal bypass is the 
development of a perianal ulcer, which caused death in 
approximately 30í of the bypassed rats. 
Anastomotic leak occurs in 7i of the rats after jejunoileal 
bypass whereas it has not been observed after sham operation 
or portacaval shunt where intestinal biopsies were taken. 
The use of an operating microscope probably reduces the 
frequency of anastomotic leak. 
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PART 2 R E T R O S P E C T I V E STUDY 
Chapter 2 Case Hi storíes 
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thesis deals with some effects, positive as 
ive, of jejunoileal bypass in patients. 
t all data of the various patients were 
often the case in retrospective studies. 
obtained from the surgical and medical records 
s Gasthuis, Rotterdam, and from the surgical 
niversity Hospital of Nijmegen. 
r of questions asked by telephone yielded an 
e attitude of the patients towards effects and 
of the operation. 































manze the available data on weight, 
e ultimate purpose of the operation, 
atisfaction of the patients. 
obesity" was coined by Payne and De 
e. 1980). 
η increase in body weight beyond the 
d physical requirement, as the result 
tion of fat in the body ( Dorland's 
. Van Itallie categorizes individuals 
weight as being morbidly obese. 
ted from the Broca index which gives 
η centimetres minus 
eight in centimetres 
instances "obese" 
ex, viz. one accor-
gth - 150 
in kg is height ι 
reater than the h 
ight" and in most 
apted formula of the Broca ind 
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He must a 
the ideal weight is expressed in kilograms and the 
the body in centimetres. 
besity is the essential indicatie 
Apart from being morbidly obese 
of several criteria which have 
η for a jejunoileal 
the patient has to 
been developed over 
iteria are the following: A wei 
ideal weight. The obesity must 
ve years and a conscientious eff 
must have failed. The patient sh 
than 50 years of age. All organ 
a, thyroid deficiency and Cushing 
ght of 80Í or more 
have existed for at 
ort of conservative 
ould be more than 18 
ic causes, such as 
'з syndrome, must be 
ent must be free of serious psychiatric disease and 
m. 
be highly motivated having been 
the procedure and its possible si 
gree to being available for close 
told about all the 
de-effects. 
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al 1 stones 
ndectomy 
intestine was measured halfway between the 
nd antimesenteric border in the first 15 patients 
rated upon in Rotterdam whereas in the 6 patients 
η in Nijmegen measurements were performed at the 
rder . 
were present cholecystectomy was performed while 
was performed as a matter of routine. 
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fter jejunoileal bypass her weight was 73 kg. 
ctable diarrhea, severe hypokalemia and hypocal-
rable flatulence and decreasing levels of albu-
restoration of normal anatomy. Within 9 months 
d increased to 108 kg and subsequently a gastric 
formed . 
Patient 2, a plumber, 26 years of age, had a 14-4 inch Payne 
shunt in 1973. Panniculectomy had been performed twice and 
diets yielded no results either. His blood pressure was 250 mm 
Hg systolic and 180 mm Hg diastolic. 
On account of a maximal weight of 184 kg, which means 2881 of 
ideal weight at a height of 169 cm , and low back pain he was 
not able to perform his profession any more. After admission 
and a rigorous diet he reached a preoperative weight of 154 
kg, an overweight of 141Í. After a relatively uneventful 
postoperative period of 4 years he was lost for follow-up. 
105 
Once he had been readmitted on account of severe anal discom­
fort and flatulence. An incisional hernia was found to be 
present. Blood pressure was 100 mm Hg systolic and 70 mm Hg 
dιastolic . 
His latest recorded weight was 87 kg. Thus he had lost 67 kg 
after the operation and 97 kg in comparison to the maximal 
weight, but still showed an overweight of 36Ï. 
His withdrawal from follow-up might indicate that the patient 
was satisfied with the result of the operation as he had often 
expressed before he was lost sight of. 
Patient 3, a widow at the age of 59, had been adipose since 
her 44th year. She became depressive as a reaction to the 
loss of her husband and loneliness and she did not leave her 
house any more. With a height of 155.5 cm and a maximal weight 
of 150 kg she weighed 27ÖÏ of her ideal weight. Diabetes 
mellitus had been present for years, so had hypertension and 
chronic bronchitis. After admission and diet she reached a 
preoperative weight of 108 kg which is 100$ overweight. A 14-4 
inch Payne shunt and appendectomy were performed in 1973. She 
had to be readmitted three times because of diarrhea, anal 
discomfort and liver failure. One year after operation these 
symptoms, added to hypalbuminemia and severe edema, enforced 
operative intervention. Her weight was 71 kg then, a reduction 
of 37 kg. The 14-4 inch shunt was changed into a 24-14 inch 
shunt. Three years later, in which period a gastrointestinal 
bleeding occurred whereas liver function restored completely, 
her weight had increased to 124 kg, an overweight of 130Ï. 
Thereafter she was lost for follow-up. Liverbiopsy at the last 
operation showed massive fatty infiltration, much round cell 
infiltration and fibrosis. 
Patient 4, an Indonesian woman aged 38, had been obese since 
the birth of her last child 11 years before operation. She did 
not dare to leave her house on account of an inferiority 
complex. Her maximal weight was 152 kg, 258$ of ideal weight 
at a height of 162 cm. Several diets and medical treatments 
failed. After admission and rigorous dieting her preoperative 
weight was 120 kg, being 103Í overweight. 
A 14-4 inch Payne shunt and appendectomy were performed in 
1973. A wound infection complicated the operation. After 3 
years her weight was 81 kg, which increased to 100 kg after 8 
years and 9 months. So she still had an overweight of 69$. The 
last 2 years she could not work as a nurse on account of 
gonarthrosis. 
Patient 5, a housewife, 30 years of age, showed beginnings of 
adiposity at the age of 14 and at 15 years of age her weight 
was 95 kg . Her maximal weight was 121 kg , 191$ of her ideal 
weight, at a height of 168 cm. Medical treatment failed to 
reduce weight by more than 21 kg . After admission and diet 
she reached a preoperative weight of 100 kg which means 57$ 
overweight and then had a 16-6 inch end-to-side jejunoileal 
bypass and an appendectomy in 1974. Twice she suffered periods 
of abdominal cramps, vomiting and slight diarrhea and a plain 























































































































re normal. With conservative treat-
ppeared until 1977. Then the com-
y. 
ption of the proximal end of the 
whereas the length of the functio-
to 21 inches of jejunum and 9 inches 
e of 31i and 50% respectively. 
ed despite fixation of the proximal 
near Treitz's ligament at construc-
uded jejunum was resected and after 
was again fixed to the mesentery. 
parotomy had been at a steady level 
hes of the functional jejunum were 
of 14 inches of jejunum and 9 inches 
er weight had dropped further to 81 
ly increased to a steady level of 95 
1 cramps did not occur any more. 
fied with an overall loss of weight 
peration and a loss of weight of 26 
al weight.. 
r cleaning job as she used to before 
she is eating too much, diarrhea is 
Patient 
of 2 у 
exer tion 
di abetes 






































a woman of 28, developed her obesity in the course 
She gained 46 kg and complained of backache, 
dyspnea and giving-way of the knees. A slight 
llitus was present as well as rheumatic arthritis 
hand. At a body height of 162 cm her ideal weight 
Her maximal weight was 105 kg which is 178Í of 
cal slimming to 96 kg a 14-4 inch Payne shunt was 
in 1975. Panmculectomy followed in 1976 and in 
r a ureter stone was conservatively treated . 
estinal obstruction because of internal hernia of 
d segment required laparotomy. Cramps, foul 
atus and diarrhea, occasionally with blood and 
bdominal distension as symptoms of pseudo-obstruc-
ropathy were treated in 1979. Diarrhea persisted 
es a day and in 1981 an anal fissure required anal 
e result after 7 years is a weight of 64 kg which 
he patient fully but the complications would 
r from jejunoileal bypass if she would have to 
Patient 7, a woman, aged 28, weighed 59 kg when she was 17. It 
took her only one year to reach 99 kg . Her ideal weight at a 
height of 164 cm should be 60.5 kg . Her maximal weight was 
117 kg which is 197í of ideal weight. Diets gave unsatisfacto-
ry results. Diabetes mellitus was treated and after a clinical 
slimming period in which hyperuricemia caused some arthralgia 
she reached a preoperative weight of 104 kg. A 14-4 inch Payne 
shunt and appendectomy were performed in January 1975. Gall-























;o 5 times a day persisted with intermittent 
:omplicated by cramps and fluid levels on the 
in August 1975, a picture consistent with 
;ion. Cholecystectomy for multiple small stones 
)losis of the gallbladder was performed in 
of the gal; 






erolithiasis was found in November 1975, in 1976 and in 
laints of arthritis, starting in 1976 in one finger, 
eased and a few years later all fingers, wrists, shoulders 
knees caused intermittent problems. 
blood loss explained by colitis and proctitis at 
scopy twice caused readmission in 1979. 
1980 she was treated for duodenal ulcer. Hemorrhoidectomy 
owed in 1981. 
ight of 66 kg 7 years after jejunoileal bypass is a satis-
g result but the number of complications has been too high 
he opinion of our patient. She is still doing her job as a 
ner . 
Patient 8 , owner of a snackbar, could not resist his own 
products. At the age of 20 he weighed 100 kg. At a height of 
176 cm his ideal weight should be 69.5 kg. His maximal weight 
was 172 kg, which is 247Ϊ of ideal weight. Abuse of alcohol 
had been stopped 1 year before operation. A Pickwick syndrome, 
chronic asthmatic bronchitis, heart decompensation, hyperten­
sion and, ultimately, myocardial infarction in 1974 were indi­
cations for a 14-4 inch Payne shunt in 1975 when he was 44 
years of age. After rigorous clinical dieting his preoperative 
weight was 104 kg. 
Postoperatively a mechanical ileus developed responding well 
to conservative treatment. 
After 4 months he refused follow-up and in 1976 he was 
readmitted for angina pectoris. Liver function tests were 
abnormal. Again he refused further follow-up and was three 
times admitted in 1981 on account of collapse, cardial and 
respiratory insufficiency and alcohol abuse. Several rehabili­
tation courses and trials by social workers failed since this 
patient was socially fully uncontrollable. 
His latest recorded weight was 101 kg, which still means an 








































42-year-old woman from Surinam, had been obese 
Idhood. Several diets had had no results. At a 
cm her ideal weight was 51.5 kg . Her maximal 
22 kg which is 237Ï of ideal weight. Screening 
dominai pain showed gallstones without abnormal 
tests. Clinical dieting resulted in a preopera-
106 kg and a 14-4 inch Payne shunt, cholecyst-
endectomy were performed in 1975. The liver was 
er some time diarrhea subsided and she even com-
stipation resulting in an anal fissure in 1977. 
s and symptoms of pseudo-obstruction occurred 











































hatase, 132 U/l in July 1975, 155 U/l in July 
U/l in January 1977 (normal value of alkaline 
0-120 U / l ) . 
operative checks hepatomegaly persisted and 
e liver were performed at operation, in February 
anuary 1977. 
7 her weight was 64.5 kg and she went to Surinam 
relatives. Acutely ill, she was readmitted in 
Serious anemia, hypocalcemia, hypophosphatemia, 
and elevated liver function tests were found. 
enous alimentation and restoration of intestinal 
s patient died in hepatic coma, 2 years and 10 
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identified as a phlegmonous inflammation 
se.She received suppletion of iron and 
istent anemia with a low level of serum 
low level of vitamin B12 . 
r 6.5 years was 102 kg, still an over-
a loss of only 3 kg after the operation 
compared with her maximal weight.. 
Patient 11, a woman aged 51. showed onset of obesity after 
giving birth to her first child at the age of 24. 
Her height was 173 cm resulting in an ideal weight of 67 kg . 
Her maximal weight was 166 kg which is 248% of ideal weight. 
Several clinical courses of slimming only had temporary 
effect. A psychiatrist diagnosed hyperorexia nervosa. Her 
blood pressure was 160 mm Hg systolic and 100 mm Hg diastolic 
and she complained of angina pectoris, palpitations, 
exertional dyspnea, arthrosis of both knees and spondylo­
listhesis of the fourth lumbar vertebra. 
After reaching a preoperative weight of 119 kg clinically, she 
received a 14-4 inch Payne shunt and an appendectomy in 1975. 
Cholecystectomy had been performed in 1952 already. 
She complained of anal pain, since diarrhea up to 15 times 
daily was still present after 4 months. 
A follow-up of 6 years and 9 months showed intermittent signs 
of pseudo-obstruction and anal discomfort, increased pain of 
both knees and still a considerable exertional dyspnea, which 
109 
is quite understandable as she still weighed 119 kg . Her 
lowest weight had been 105 kg . 
She would never want a jejunoileal bypass again. Because of 
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y did on 
a woman, 35 years of age. After giving birth at 
rst year her weight increased by 40 kg. Her 
was 112 kg, 193* of her ideal weight of 58 kg, 
161 cm . 
lem was a minority complex and she did not dare 
ouse. Her blood pressure was 165 mm Hg systolic 
diastolic. Some exertional dyspnea was also 
о lose weight for 5 years in vain she was admit-
d a preoperative weight of 100 kg. 
yne shunt was constructed. 
had diarrhea up to 10 times a day , which 
times a day after 6 years and 3 months. Consis-
a 1000 Cal. diet she feels very well and is 
ed with a weight of 82 kg, which is still an 
41%. She sells flowers in her own shop as 




140 kg, a 
problems e 
kg, thus he 
the s e n o u 
sudden dea 




28. Anal di 





















has been obese since her fourteenth year. Extensive 
amination reveals adiposity at a maximal weight of 
t a body height of 177.5 cm and without other 
xcept some palpitations. Her ideal weight is 70.6 
r maximal weight is 197Ï of ideal weight. To stress 
sness of obesity it is worthwile mentioning the 
th of an obese uncle at the age of 23 and an obese 
age of 29. 
ical attempts at losing weight failed. Preoperative 
esults in a weight of 99 kg and she receives a 14-4 
shunt and an appendectomy in 1976, at the age of 
scomfort due to diarrhea results in hemorrhoids and 
ssure requiring anal dilatation after 3 months. In 
ulectomy is performed, after which she develops a 
hrombosis in her left leg and a pulmonary embolism. 
asís resolves spontaneously in 1978 but requires 
η 1979, while she had passed a kidney stone 14 days 
telephonic inquiry in 1982. 
ticoagulants her left leg again shows a deep-vein 
in 1979. 
4 years postoperatively, her liver function tests 
seriously while she feels very tired. Her weight 
in 1976 shows no signs of steatosis and only 
portal infiltration of lymphocytes. Liverbiopsy in 
slight steatosis, periportal infiltration of 
, slight proliferation of bile ducts, hyperplasia 
's cells including PAS-positive material, and some 
of parenchyma, indicating a diagnosis of slight 
patitis. 
of intestinal continuity follows and the liver 
sts improve. One and a half year after restoration 
is 112 kg and since she still feels very tired and 
1 10 
the liver function tests have not yet totally normalized, 
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ajor joints started to ache in 198 
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1 1 1 
enteritis and in November 1980 he complained of painful loins. 
Microscopic hematuria was found together with many Ca-oxalate 
crystals in the urinary sedimentation. An intravenous uroéram 
gave a normal picture . In January 1981 he complained of 
arthritis of the left ankle, of both wrists and hands, which 
disappeared spontaneously after 1 week. Two months later 
arthritis occurred again, and in both hands, his right elbow 
as well as his left hip now. Metronidazole for 5 days was very 
effective. 
After a follow-up period of 2.5 years the patient is quite 
satisfied with a weight of 75 kg ( an overweight of 12Ï )and a 
full-time job. Blood pressure is 120 mm Hg systolic and 80 mm 
Hg diastolic. 
Triglycerides are normalized. 
Patient 17, a woman aged 24, has been obese since her birth. 
Her weight at birth was 6.5 kg. Her maximal weight was 152 kg 
which was her preoperative weight. This was 259Í of her ideal 
weight of 58.6 kg, at a body height of 161.5 cm . Her main 
problem was sterility which oppressed her so much that she 
once tried suicide. Amenorrhea and an enhanced level of lutei-
nizing hormone were consistent with polycystic ovaries. Blood 
pressure was 180 mm Hg systolic and 110 mm Hg diastolic. 
Exertional dyspnea, especially when riding her bike to her 
job, kept her away from her job. 
After а 14-Ц inch Payne shunt in 1980 her only complaints were 
meralgia paresthetica in her right upper leg and a temporary 
loss of hair. She gave birth 16 months after the bypass, and 
after a follow-up period of 2 years and 6 weeks she is again 
pregnant. Her weight is 99 kg and her blood pressure is 130 mm 
Hg systolic and 90 mm Hg diastolic. The patient is quite 
satisfied with the results of the bypass procedure. 
Patient 18, a 3 
had tried many di 
cm her ideal we 
time preoperativ 
weight. Her mai 
painful feet rest 
Blood pressure wa 
diastolic. She u 
shunt was perform 
times a day in th 
a day after 2 y 
hemorrhoids. 
She had a short 
panniculectomy w 
After a follow-u 
which still is an 
120 mm Hg systo 
cover 150 kilome 
with her situatio 
6-year-old woman, obese since her llth year, 
ets without result. At a body height of 171 
ight was 66 kg. Her maximal and at the same 
e weight of 143.5 kg was 217Í of this ideal 
η complaints were exertional dyspnea and 
noting her to immobility. 
s elevated, 160 mm Hg systolic and 120 mm Hg 
sed antlepileptics. In 1980 a 14-4 inch Payne 
ed as well as appendectomy. Diarrhea up to 33 
e beginning, diminishing to a mean of 5 times 
ears caused her anal discomfort and finally 
period of loss of hair and at the end of 1981 
ith abdominal skin reduction was performed. 
ρ of 2 years her weight has reached 92.5 kg 
overweight of 401) and the blood pressure is 
lie and 80 mm Hg diastolic. She is able to 
tres on her bike now. The patient is content 
η . 
Patient 19 is a housewife aged 23. She has always been obese 
whereas a twin brother has always been lean. Her maximal and 














































































ideal weight of 67.6 kg . Many attempts at redu-
ailed. Exertional dyspnea, palpitations, low back 
1 feet and a sense of shame were reasons for her 
bypass procedure. Systolic blood pressure was 
ile diastolic pressure was 110 mm Hg. Pulmonary 
ts showed hypoxia. Serum cholesterol was normal 
m triglycerides were elevated, consistent with a 
of hyperlipidemia, type II A according to 
14-4 inch Payne shunt and appendectomy were 
few days after operation she showed signs of 
resthetica in both upper legs. Diarrhea, in the 
to 17 times a day and causing anal discomfort, 
5 times a day after 1 year and 9 months. Her 
kg (still an overweight of 2 1 % ) , blood pressure 
tolic and 65 mm Hg diastolic, cholesterol below 
vel and triglycerides at a low-normal level. 
ocially adapted now and dares to do her own 
in. She is content and wouldn't mind being 
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means a loss 
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Chapter 2 Results 
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at i ve 
onsider 
ate postoperative loss of weight the 
paramount importance. Quaade (1979) and 
uaade (1980) conducted a comprehensive 
ations recorded in MEDLARS and Index 
963 up to the first half of 1977. They 
ight of 1711 patients, reported in 45 
fter б months and 46 kg after 1 year on 
years the mean loss of weight is 52 kg 
ns at this level. Only 5 publications 
report a 5-year follow-up period and 
s of weight of 52 kg. 
have to draw a distinction between the 
Rotterdam and the last 6 patients from 
The maximal follow-up for Nijmegen is 
s, for Rotterdam it is 9 years, while 
erdam were preoperatively admitted to 
f weight on a low-caloric diet. This 
followed in Nijmegen. 
t characteristics and follow-up periods 
4 in favour of female patients. The 
ts is 34 years, ranging from 21 to 59 
for operation have developed gradually 
hird patient, aged 59, would not be 
now. 
an anticipate losing one-third of his 
there are great variations in both 
on may consider this loss of weight of 
weight as an unfavourable result but 
it a very successful result (Phillips, 
loss of weight expressed in percentage of preoperative 
t does not give any information as to the overweight 
ion of the patient and as the preoperative starting 
ion of patients 1 to 16 and 16 to 21 is different on 
nt of preoperative dieting in the first group, postopera-
overweight in percentage of ideal weight is also given 
instance, after a follow-up period of 9 years patient 1 
d a good result measured by weight reduction. Her weight 
ropped to 73 kg. 
tunately continuity had to be restored and events after 
operation are recorded between brackets in table 2.2.1. 
year and 8 months after restoration her weight had in-
ed again by 37 kg resulting in an overweight of 120Ï of 
weight and thus changing the patient's assessment of the 
ts from good to bad. 
same applies to patient 3. A lengthening of the shunt to 
114 
pat. sex age id.wght 
yrs kg 
max.wght 
kg % id w 
preop.weight 
kg % id w 
follow-up reoperation weight loss 
















































































































































































































































































































Table 2.2.1 Weight characteristics, follow-чр period and attitude of the patient towards loss of weight. 
In those patients where a reoperation of the shunt was performed, the data between brackets refer to results after 
reoperation. 
24 inches of jejunum and 14 inches of ileum does not result in 
any weight reduction, but results in increase of weight as is 
the total small intestine is functioning again. 
Patient 5 demonstrates that a 16-6 inch shunt does not reduce 
weight sufficiently because of intestinal adaptation as re-
laparotomy shows after 2 years. The shunt had increased to a 
21-9 inch shunt and was then shortened again to a 14-9 inch 
shunt. Five years after this shortening she had gained an 
additional 14 kg, so still an overweight of 50%, which has to 
be regarded as a bad result. 
Patient 9 required restoration of continuity due to severe 
liver failure. Loss of weight had actually been good but this 
patient died in hepatic coma after restoration. 
Patient 13 only lost 2 kg in a period of 4 years and after 
restoration of continuity, due to liver failure, she gained 15 
kg in 1.5 year, resulting in an overweight of 58% : all in all 
an unsatisfactory result. 
Patients 4,8,10,11 and 15 also showed insufficient loss of 
weight. For patients 20 and 21 the follow-up period is too 
short for any conclusions to be drawn regarding loss of 
weight. However, the loss of weight so far is sufficient. 
If we thus consider 19 patients it appears that 12 patients 
(= 63Ï) show sufficient loss of weight whereas 7 patients 
(= 37Ï) show insufficient loss of weight. 
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nce, even in one 
present very often. 
s and may be consi-
By the end of one 
day to 2 or 3 soft 
oo much. 
atemia hypocalcemia 
ution was given. 
y been performed in 
ts in a relatively 
esults of Phillips 
selected reports 
by Quaade is not 
complications and 
hand meralgia paresthetica, as we found in 2 
s not been mentioned before while bypass 
bypass enteropathy or pseudo-obstruction is a 
w entity and not yet present in the list of 
as given by Quaade. 
sthetica is thought to be the result of the 
of the lateral femoral cutaneous nerve at the 
it passes under the inguinal ligament when the 
ng on his back on the operating table. 
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number of % of Phillips Quaade 








gastro intestinal bleeding 
peptic ulcer 
severe flatulence 








intermit, impaired liver tests 
seriously impaired liver tests 
arthralgia 













folic acid deficiency 
hypocarotenemia 
vitamin B12 deficiency 



















































































































Table 2.2.2 Complications and adverse effects in 21 patients with a 
14-4 inch jejunoileal bypass according to Payne and a comparison with 
data from Phillips (1978) and Quaade (1979). 
117 
Passaro and Drenick (1976) describe bypass 
postoperative period as characterized by in 
of diarrhea, diffuse abdominal tenderness 
flatulence and fever. Roentgenographic s 
multiple distended loops in the bypassed b 
fluid levels. Antibiotic therapy had good re 
lar metronidazole (Paerregaard, 1982). 
We encountered this picture 12 times, tho 
complete one with fever, and sometimes occ 
after the operation. Presumably, it is cause 
enteric bacteria in the distal portion of th 
The liver function test abnormalities and li 
been extensively dealt with in chapter 7. 
In 3 patients liver failure led to reconstr 
anatomy and 1 of these patients died. 
We have found a remarkably high percentage 
mainly because two patients suffered from ki 
times and 1 patient twice. Oxalate is nor 
the stool as calcium oxalate. However, aft 
pass and subsequent fat malabsorption the in 
is used for the formation of soaps from fat 
quently, there is insufficient calcium to co 
in the lumen of the gut. Sodium oxalate i 
colon and excreted by the kidneys. In the 
becomes available with subsequent formation 
cium oxalate crystals. This may lead to urin 
calcium oxalate nephro-calcinosis and even r 
We did not find any abnormalities in the ur 
levels in the serum of our 21 patients. 
Severe electrolyte imbalance forced us to re 
tomy in 2 patients. In one of these it we 
severe liver failure and this patient died i 
In the 6 last patients vitamin levels were 
Vitamin E deficiency was always present whil 
was present in 3 patients. Vitamin A and D 1 
were always normal. Why vitamin A and D lev 
vitamin E level is lowered, all three being 
mins, remains unexplained. 
If we consider the attitude of the patien 
results in terms of loss of weight and compi 
the deceased patient and the last two pati 
short follow-up period, 2 patients are 
patients are positive, 2 patients are posi 
reservations due to complications and 
negative. 
This leads to a lower success figure (44 
mentioned by Scott (1977) in two hundred pa 
reported by Ravitch (1979) in 45 patients. 
In conclusion one may state that jejunoileal 
a massive assault on physiology and a major 
organism's adaptive mechanisms. Even if it 
those morbidly obese patients who fulfil st 
high frequency of complications appears, in 
ceptable. 
Therefore, gastric procedures have to be pre 
this field controversy still exists about 
procedure gives the best results and the lea 
enteritis in the 
creased frequency 
and di stention , 
tudies disclosed 
owel with few air 
suits, in particu-
ugh not always a 
urring many years 
d by overgrowth of 
e bypassed bowel. 
ver biopsies have 




















































nt together with 
η hepatic coma. 
regularly assayed. 
e hypocarotenemia 
evels in the serum 
els are normal and 
fat soluble vita­
te regarding the 
ications, omitting 
ents with a too 
very positive , 4 
tive with strong 
10 patients are 
%) than the 66% 
tients and the 53Í 
bypass represents 
challenge to the 
is used for only 
riet criteria the 
our opinion, inac-
ferred although in 
the question what 
st complications. 
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Chapter 2 describes the choice of the animal model. 
Characteristics of the genetically obese Zucker rat, called 
"Fatty", are given. 
In chapter 3 the results of a pilot study in Wistar rats are 
shown. Then the 4 operative procedures in the Zucker rat are 
described extensively: the sham operation, the 4+2 cm jejuno­
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stine results in a sig 
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sser degree. 
the small intestine of ma 
the average of two measur 
is significantly greater 
ats. Also, male fatty ra 
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the functional small inte 
ejunoileal bypass is 7í о 
functional small intes 
ks after a 4+2 cm or a 
increase appears to be mo 
in the jejunal part of 
of the 4+2 cm group indi 
rom two weeks after opera 
s, the length of 
nctioning small 
1 bypasses, body 
parameters. 
nd 2 cm of ileum 
nificant growth 
t have the same 
le fatty Zucker 
ements along the 
than that of 
ts have a longer 
stine in Zucker 
f the length of 
tine increases 
10% jejunoileal 
re pronounced in 
the functional 
cates that this 
tion . 
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In a period of 16 weeks sham rats gain weight in an almost 
linear way. The rats with a 4+2 cm jejunoileal bypass lose 
weight gradually and after 9 weeks their weight remains 
stable. The weight of the rats with a 10% jejunoileal bypass 
and thç rats with a portacaval shunt hardly changes during the 
period of investigation. 
The most decisive factor determining loss of weight after 
jejunoileal bypass is the length of the functioning segment in 
percentage of the total small intestinal length. A formula to 
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After a jejunoileal bypass it takes one to two weeks before 
atrophy of the excluded intestine starts to become visible and 
after 16 weeks atrophy is clearly visible. 
The thickness of all intestinal layers of the excluded jejunum 
and ileum hardly changes 16 weeks after operation except for 
some increase of muscularis propria, especially in the ex­
cluded distal ileum. 
Macroscopic reflux of chyme from the colon ascendens into the 
excluded distal ileum finds only minor expression in the 
microscopic measurements of the distal ileum. 
In the portacaval shunt rats a striking increase of muscularis 
propria is found in both the jejunum and the ileum 16 weeks 
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scusses the hepatic histology of 
t Zucker rat is characterized by 
preponderance in the area between 
al area: the mid-zonal area. 
junoileal bypass shows significan 
the liver in the pericentral zone 
zone between the pericentral and 
r operation . 
ileal bypass has the same effect 
d pericentral areas whereas afte 
leant reduction of steatosis occu 
f rats with a portacaval shunt s 
iderosis. 
of the liver, characterized by 
dies, inflammation of the portal 
generation of groups of liver eel 
complications after jejunoilea 
of the liver cannot be demonstrat 
ries to explain the cause of live 
the reduction of blood flow to 
hunt, reduction of blood flow to 
ypass is postulated as one of the 
er disease after jejunoileal bypa 
the fat Zucker 
steatosis of the 
the periportal 
t reduction in 
, the periportal 
periportal area, 
but only in the 
г a portacaval 
rs in the mid-
hows remarkable 
the presence of 
triads, Hallory 
Is is one of the 
1 bypass. This 
ed in our rats. 
r insufficiency 
the liver in a 
the liver in a 
factors contn-
ss. 
In chapter 3 a phenomenon is discussed observed in experiments 
with germfree rats: cecomegaly, an enormous distension of the 
cecum. 
A short review of cecomegaly in literature is given. 
Cecomegaly is probably accounted for by decrease and/or change 
of cecal flora. 
Jejunoileal bypass causes cecomegaly in Zucker rats. 
Quantitative bacterial counts and anaerobic cultures of 
homogenized ceca show too much divergence to point to anaerobe 
bacteria as a causative factor in cecomegaly after jejunoileal 
bypass. 
In contrast to the reported decrease of thickness of all 
layers of the cecal wall in germfree rats, we cannot 
demonstrate any change of thickness of the cecal wall layers 
after jejunoileal bypass in the fat Zucker rat. 
121 
Chapter 9 reviews morbidity and mortality in our experiment. 
The fat Zucker rat is more fragile than the conventional 
laboratory rat. Anaesthesia is one of the problems. Some 
complications after jejunoileal bypass are discussed such as 
the development of a perianal ulcer. 
The use of microsurgical technique probably reduces the high 
frequency of anastomotic leak in the fat Zucker rat. 
Part two of this thesis deals with a retrospective study of 21 
patients with morbid obesity. Patients who are lOOï or more 
overweight are considered morbidly obese. These 21 patients 
have been treated by a jejunoileal bypass according to Payne. 
Results of loss of weight are given in chapter two, with 
particular attention to the complications after jejunoileal 
bypass. 
The conclusion of both the results reported in literature and 
the present retrospective study is evident: 
Jejunoileal bypass is not the first choice of surgical 
treatment for morbid obesity any more. The recently developed 
gastric procedures which restrict the gastric volume are to be 
preferred. 
122 













































































































































































van het stuk functionerende dunne darm is essentieel 
fectiviteit van de operatie. 
van onze studie was een geschikt dierexperimenteel 
vinden en vervolgens verscheidene parameters te 
η die bepalend zouden kunnen zijn voor de mate en de 
van het gewichtsverlies en de mogelijke complicaties 
unoileale kortsluitingsprocedure. 
In hoofdstuk 2 wordt de keuze van het proefdier beschreven. De 
eigenschappen van de genetisch vette Zucker rat, bijgenaamd 
"dikzak" ("Fatty") , worden nader toegelicht. 
Hoofdstuk 3 geeft de resultaten van een voorstudie met Wistar 
ratten. Vervolgens worden in extenso de vier operatieproce­
dures bij de Zucker rat besproken: ratten met een schijn-
operatie, ratten met een 4+2 cm jejunoileale kortsluitingspro-
cedure, ratten met een 10% jejunoileale kortsluitingsprocedure 
































































behandelt de li cha am si 
dunne darm, de lengte 
darm na aanleggen va 
ht en de postoperatie 
η kortsluitingsprocedur 
eum van de rat function 
kortsluitingsprocedure 
















































η het i 
engte van de ratten, de 
van het nog functionerende 
η de kortsluiting, het 
ve veranderingen in deze 
e waarbij nog 4 cm jejunum 
eren levert evenals een 
van 10Í of een portocavale 
duidelijke groeivertraging 
ucker ratten, berekend als 
de mesenteriale zijde van 
die van vette vrouwelijke 
cant langer dan die van 
onele stuk dunne darm bij 
tsluitingsprocedure is 7ï 
lengte van dit functionele 
na een 4+2 cm of 10% 
te zijn toegenomen. De 
lonerende stuk dunne darm 




















































































































































































































































































































































de 4 experimentele groepen en wel 
postoperatief. 
blijkt 7 weken na een 4+2 cm 
aid te zijn. Na 16 weken echter is 
il met de preoperatie ve waarden in 
um glutamaat pyruvaat transaminase) 
atase) zijn bepaald als parameters 
en van deze parameters laat een 
na de operatie ten teken van 
gemiddelde waarden van S.G.P.T. en 
een 4+2 cm, een IOS kortsluitings-
avale shunt in feite lager dan 
suggestie dat binnen de eerste 16 
ortsluitingsprocedure of een porto-
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Hoofdstuk 6 behelst de morphologische veranderingen van de 
dunne darm na jejunoileale kortsluiting, portocavale shunt of 
een sohljnoperatie . 
Aanpassing van de dunne darm treedt op na uitgebreide resec-
ties of kortsluitingsoperaties van de dunne darm. Tot nu toe 
is adaptatie van de dunne darm bij de vette Zucker rat nog 
niet aangetoond. Adaptatie van de dunne darm blijkt te bestaan 
uit twee verschillende en na elkaar optredende mechanismen: 
aanvankelijk een toename van de dikte van de gehele wand van 
124 
de dunne darm, vooral bepaald door toename van de villus 
hoogte en de dikte van de muscularis propria, en vervolgens 
een toename van de lengte en de omtrek van de dunne darm. Deze 
adaptatie van het functionerende stuk dunne darm na jejuno-
ileale kortsluiting is verantwoordelijk voor de langzame ge-
wichtstoename na een aanvankelijk gewichtsverlies en is een 
van de factoren die bijdragen tot het uiteindelijke resultaat 
wat betreft gewichtsverlies. 
Het uitgeschakelde stuk dunne darm begint na 1 tot 2 weken 
atrofisch te worden hetgeen na 16 weken zeer duidelijk is. Het 
uitgeschakelde stuk jejunum en ileum laat op microscopisch 
niveau na 16 weken nauwelijks verandering zien behoudens enige 
toename van de muscularis propria, vooral in het distale 
ileum. Het al dan niet aanwezig zijn van reflux van darminhoud 
van het colon ascendens naar het uitgeschakelde stuk distale 
ileum blijkt nauwelijks in relatie te staan met de microsco-
pische parameters van de darmwand. 
Bij de ratten met een portocavale shunt valt op dat de 
muscularis propria is toegenomen in dikte, zowel in het 





































































































lever van de vette Zucker rat komt aan de 
De lever van de vette Zucker rat wordt 
ose, vooral in het intermediaire gebied, 
tussen het periportale en pericentrale 
ejunoileale kortsluiting laat na 16 weken 
rmindenng van de steatose zien, zowel 
diair als periportaal. 
e kortsluiting heeft hetzelfde effect 
ediair en pericentraal, terwijl na een 
Heen in het intermediaire gebied een 
ering van de steatose optreedt. Bij de 
dt een opmerkelijke toename van siderosis 
gekenmerkt door de aanwezigheid van 
ontsteking van de portale driehoekjes, 
epjes gedegenereerde levercellen, is een 
de complicaties na jejunoileale kortslui-
ratten is dit levercel verval aangetoond. 
6n welke de oorzaak van de leverinsuffi­
te geven worden besproken. 
portocavale shunt wordt gesteld dat de 
van bloed naar de lever via het vena 
an de mogelijke factoren is die bijdraagt 
everinsufficiëntie na een jejunoileale 
e . 
In hoofdstuk 8 wordt een fenomeen besproken dat bekend is uit 
dierexperimenten met kiemvrije ratten: coecomegalie d.w.z. een 
forse toename van de grootte van het coecum. In het kort wordt 
de literatuur over coecomegalie vermeldt. Coecomegalie zou 
waarschijnlijk het gevolg zijn van vermindering en/of een 
verandering van de bacteriële flora van het coecum. 
Jejunoileale kortsluiting veroorzaakt coecomegalie bij de 
vette Zucker rat. 
Bacterletel1ingen en anaerobe kweken van gehomogeniseerde 
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coeca laten echter te veel spreiding zien om aan te tonen dat 
anaerobe bacteriën coecomegalie veroorzaken na jejunoileale 
kortsluiting. In tegenstelling tot gegevens uit de literatuur 
over Kiernvrije ratten blijkt uit onze metingen dat de dikte 
van alle lagen van de wand van het coecum niet afneemt na 
jejunoileale kortsluiting bij de vette Zucker rat. 
Hoofdstuk 9 geeft een overzicht van de morbiditeit en de 
mortaliteit in het experiment. De vette Zucker rat is minder 
sterk dan de conventionele laboratorium rat. De anaesthesie 
levert meer problemen op. Enkele complicaties na jejunoileale 
kortsluiting worden besproken zoals het optreden van een 
penanaal ulcus. 
Door gebruik te maken van microchirurgische techniek wordt de 
hoge frequentie van naadlekkage bij de vette Zucker rat 
waarschijnlijk gereduceerd. 
Deel twee van dit proefschrift houdt zich bezig met een retro-
spectieve studie van 21 patiënten met morbide obesitas, d.w.z. 
patiënten met meer dan 100? overgewicht. Deze patiënten zijn 
behandeld met een jejunoileale kortbluitingsprocedure volgens 
Payne . 
In hoofdstuk 1 worden de criteria genoemd waaraan de patiënten 
met morbide obesitas moeten voldoen om in aanmerking te komen 
voor een jejunoileale kortsluitingsprocedure. Dan volgt in het 
kort de geschiedenis van elk van deze 21 patiënten. 
Hoofdstuk 2 geeft een overzicht over de resultaten wat betreft 
gewichtsverlies en legt vooral de nadruk op de complicaties. 
De conclusie die uit de literatuurgegevens en deze retrospec-
tieve studie getrokken moet worden is duidelijk. 
De jejunoileale kortsluitingsprocedure is niet meer de opera-
tieve behandeling van eerste keuze bij patiënten met morbide 
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D A N K D Î T U I G I N G 
Een proefschrift is niet het werk van èén persoon doch komt 
tot stand dan« zij de medewerking van velen. Een ieder die 
zijn medewerking direct of indirect heeft verleend wil ik 
gaarne bedanken. De reglementen staan het niet toe om alle 
medewerkers persoonlijk te bedanken. Echter enkele woorden van 
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S T E L L I N G E N 
behorende bij het proefschrift 
J E J U N O I L E A L B Y P A S S 
An experimental study in Zucker rats 
and a retrospective study of morbidly obese patients 
In het openbaar te verdedigen 
op donderdag 18 november 1982 
des namiddags te 4 uur 
door 
J.E.L. CREMERS 
De hamvraag van dit onderzoek is hoeveel dunne darm bij de 
dikke rat te behouden om voldoende vet kwijt te raken. 
De grootste invloed op het gewichtsverlies na een 
"jejunoileal bypass" wordt waarschijnlijk geleverd door de 
lengte van het functionerende stuk dunne darm. 
Adaptatie van de dunne darm na uitgebreide resecties of 
kortsluitingsoperaties van de dunne darm bestaat op zijn 
minst uit twee verschillende en na elkaar optredende mecha-
nismen: toename van de dikte van de darmwand en vervolgens 
toename van de lengte en de omtrek van de dunne darm. 
Bij patiënten met morbide adipositas is, evenals bij vette 
Zucker ratten, de dunne darm gemiddeld langer dan bij 
soortgenoten met een normaal gewicht. 
Naast ondervoeding en naast vrijkomen van toxines uit het 
uitgeschakelde stuk dunne darm na een "jejunoileal bypass" 
dient ook verminder ing van bloedtoevoer naar de lever via 
de vena portae beschouwd te worden als mogelijk leidend tot 
lever insufficiënt ie. 
Bij de vette Zucker rat dient het aanbeveling een operatie-
microscoop te gebruiken voor het leggen van darmnaden. 
Late recidlefbloedingen uit varices van slokdarm of maag na 
aanleg van een distale splenorenale shunt volgens Warren 
kunnen berusten op ontwikkeling van (nieuwe) collaterale 
venen met hepatofugale flow. 
De infrarood-contact-coagulatie is een aanwinst bij het 
behandelen van letsels van parenchymateuze organen zoals 
lever en milt. 
** 
Gezien het belang van de totale mobilisatie van het rectum 
in de behandeling van de rectumprolaps is het aannemelijk, 
dat de bekkenbodemplastiek volgens Roscoe Graham - Goligher 
slechts dezelfde betekenis heeft als de procedures die het 
rectum aan het sacrum fixeren. 
De behandeling van een subcutane Achillespees ruptuur 
volgens Weber, bestaande uit primaire hechting en vroeg-
functionele nabehandeling, is comfortabel voor de patiënt 
en leidt tot goede resultaten. 
De Cephalosporinen van de derde generatie betekenen een 
aanwinst voor de behandeling van infecties veroorzaakt door 
gram-negatieve micro-organismen. 
** 
De opvatting in de moderne studies over griekse 
architectuur, dat er bij antieke gebouwen slechts drie 
"voet "-maateenheden, nl. de Dorische (32,3 cm), de lonisch-
Attische (29,6 cm) en de Samische (35 cm) gangbaar waren, 
is in strijd met de antieke bronnen, 
In de twintigste eeuw is de grootste bijdrage aan de 
presentatie van de klassieke gitaar en aan uitbreiding van 
het repertoire voor gitaar geleverd door de autodidact 
Andrés Segovia. 
Gezien 's lands precaire financiële situatie lijkt het niet 
verantwoord tot de aanschaf van nieuwe (kern)wapenen over 
te gaan voordat het huidige materieel verbruikt is. 
De lasten des overvloeds kunnen niet pregnanter worden 
weergegeven dan door de weeklacht van Marion Lewis: 
"My intertriginosity 
Is caused by adiposity; 
I wonder where the increment will end? 
Such fleshly generosity 
Impedes ray true velocity 
And also makes it difficult to bend. 
I have no curiosity 
To be a great monstrosity-
Such wishfulness I cannot comprehend; 
In fact, this corporosity 
Fills me with animosity, 
Because I can't reverse the "growing" trend!" 
J.A.M.A. (1972) , 219: 1763. 



